Field trip. Validation points ASIA 1

Sedimentology: Description (GEOLOGY OF USSR, 1970) — M .

thickness of Callovian-Upper Jurassic deposits is not higher than 8¢ — =~~~

50 m. They are presented at the cupola of anticlines. At the most .

parts of Mountain Mangyshlak (Fig. AS1A) mentioned rocks are -
V

missing and Lower Cretaceous sediments cover Pre-Callovian
Middle Jurassic deposits. Within Mangyshlak Penninsula
Callovian — Kimmeridgian rocks are determined. Presence of
Tithonian deposits is still discussed.

Lower Callovian rich in fossils (brachiopods, bivalves and
ammonites) rocks are presented by dark gray and greenish gray
clays with subordinate carbonate sandstones and sandy ,
limestones sometimes with plant remnants with few species of Figure AS1A. Locahty ﬁe B
ammonites of Keeplerites genus, including index species — lidati f e,
Keeplerites goverianus Sow. Thickness is 10-15 m. validation poin Eon g
Boundary between Lower and Middle substages is marked by

abrupt decrease of volume of plant detrite typical for - ngyshl ak Penninsul a,

Sarydiirmen(skaya) Fm. of Middle Jurassic. .
Middle Callovian deposits are presented by bluish-gray cloddy us(skaya) province, SW Kazakhstan

intensively sandy and ferrugenous rich in fossils (brachiopods, on (determined by Google Earth):
corals, bivalves and ammonites) limestones, called “rusty 4.01.28 N. 52.24.01.06 E

horizon”. Ammonites of genus: Stephanoceras, Perisphictes and : . . oy
Kosmoceras are rarely met. Foraminifers Lenticulina Age: Callovian—-Kimmeridgian

cultratiformis Mjatl., L. catastrophum (Mitijan), L. polonica g : :
(Wishn.)., L. erucaeformis (Wisn.) occur. Thickness varie Interpretation - Shallow-marine environment.

ltol7m. > Structure: No data
UF:jPer Ca”?;"a” Uy gypiu_m'l;]ealll”"gf”"h in fo Regional significance: This validation point is
and ammaonli eS) Sanas contain snetls or amim |Ocated Wlthln Turan Plate

Quenstedticeras, Peltoceras . . .
Petroleum systems information is given at §6

Pointer 43°10'30.77° N 52°31'02.95°E elev 4171t Streaming |[|111/|1] 100% \



KAZAKHSTAN

TURKMENISTAN

1gure 2.2.8. Geological map (Geology of USSR, 1970) of Westem Kazakhstan with
position of field validation point no. 1.




Field trip. Validation points

Sedimentology: Description (GEOLOGY OF USSR, 1970)
— Callovian—Upper Jurassic sequence with unconformity
lies upon different horizons of Middle Jurassic.
Characteristics of Callovian — Lower Oxfordian interval of
the sequence is given in details on Table 3.2. Below a brief
description will be given.

Usually Callovian — Lower Oxfordian interval of the section
Is exposed at Tuarkyr (Fig. AS2A, B). Lower Callovian is
mainly presented by clays with subordinate beds and lenses
of siltstones, carbonate sandstones, sands and sandy
limestones. Thickness of this substage is irregular and
varies from 2.5 to 35 m. Fossils are rarely met. Middle
Callovian consists of alternation of clay and clayey siltstone
with lensic beds of light gray silty limestone containing rich
fossil complex. Thickness is unstable and can reach 35 m.
Upper Callovian deposits (up to 40 m) are presented by
clays mainly carbonate with beds and lenses of limestones
and marls. Above purple silty and clayey limestones,
facially transiting into dolomites. At Beyney anticline
(South of Tuarkyr area) section of Callovian is cond
Lower and Middle Callovian deposits are missir
Upper Callovian limestones and siltstones o
contain Lower-, Middle- re-deposited a
fossils.

Oxfordian Stage is presented b
conformably covers Upper C
thickness of remained
Cretaceous erosion i

N\sFavrcddiam r1arn
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2 Tuarkyr Plateau Balkhan
elayaty, NW Turkmenistan
Position (determined by Google Earth):
40.40.58.00 N, 55.23.57.19 E
Age: Callovian — Lower Oxfordian

Interpretation - Shallow-marine environment.
Structure: Callovian — Upper Jurassic deposits of
Tuarkyr comprise a monocline limiting the eroded
central part of Tyarkyr anticline

Regional significance: This validation point belongs
to Tyarkyr anticline located within Turan Plate
Petroleum systems information is given at §6



g
A
[}
2
e
L
=
>
oxfy Py
[=} s G ST E—
A e o
> RN P ——
2 E ==
SR
S [H FEm—=miq
) SR RO
M _‘X'—:-K‘—_
g 10
£ g ==
_8 =) B0 Bl ARy ¥ I
w® = D RN G
m
= =7
Sl
g
= N ==V
g N
Q i i
2 =—]s
2
Za=ls
=
e
S
8
=
[P}
|
<
LT = ="=l

Figure 2.2.7. Geélogical-map (Geology of USSR, 1972) of Westem Turkmenistan
with position of field validation point no. 2-5.
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Field trip. Validation points ASIA 3
6"—‘:& o {:‘;H “ i
Sedimentology: Description (mostly from: Beznosov, A ‘

Mitta, 2000) — Great Balkhan (Figs. AS3A-C) unites a
complex of outcrops of Callovian — Upper Jurassic deposits
demonstrating strong facial variety. Middle Jurassic and
Lower Cretaceous rocks here are well exposed too. It is a
unique place to study stratigraphy (lots of fossils),
sedimentology (perfect outcrops, different facies and facies
associations) and as a result — paleogeography. Below a
review of geology of Great Balkhan area is given.
Koshadjulbin(skaya) Fm. (Upper Bathonian — herveyi 0
zone of Lower Callovian). I
Koshadjulbin(skaya) Fm. was described by N.V.Beznosov, /  f
Yu.L.Verba, G.Ya. Krymgoltz in 1975. It with angular . ce cofbore aneme Tt ofife
unconformity overlay upon Seutlyn(skaya) Fm. and Upper Bolshoy (Great) Balkhan Plateau,
and Lower SubFm. of Meulam(skaya) Fm. At the Northern an welayaty, NW Turkmenistan

wing of Great Balkhan anticlinorium it is discontinuously tion (determined by Google Earth):
distributed within cores of Pre-Cretaceous from foot of

Irtykburun Mt. at the West to Porsukh Mt. at the East. At the et 07-23:49.02 F
South it's exposures frame Western foots of cliffs of th
Western part of Great Balkhan ridge to the West fro
Mt. and is traced up to Western foot of Shakhlibu
Fm. exposes at Tashlydere Gorge at Se of Gre:s
SE slope of Koshadjulba Mt. descri
unconformity covers Lower Meytlam
the following section is exposed.

(0120074 uropakTechnologies) INebitlD!
{7 S @ARLIEH el 2
S &GRIEAT [ e\ fcf) :

Age: Callovian—Titonian
Interpretation - Shallow-marine, lagoon and continental
environment.
Structure: Callovian—Upper Jurassic deposits built up wings
of Great Balkhan anticline. Wings are complicated by small
folds. The most complete sections of describing interval
belong to synclines (Guide-book.., 1961).
Regional significance: This validation point is located within
Great Balkhan anticline belonging to Turkmen-Kharasan

folded system
Petroleum systems information is given at §6



argillites; 3 — coals and coaly

shales; 4 — limestones; 5 —

Figure AS3B. General section
of Jurassic deposits of Great
dolomites; 6 — concretions.

Balkhan (Geology of USSR,
1972): 1 — sandstones; 2 —

Em.__mg_%_._g ﬁ

2001098

1oddn _ I9MOT

:w_cos;m ugiooleg




Figure AS3C. View to Goranki-Dere Gorge, Djebel’-Ata area
(Orimlidje section according to Beznosov, Mitta, 2000), Great
Balkhan. 25.01.1993



Figure AS3D. Upper Callovian unit of alternation of
sandstones and siltstones of Urumil’djan(skyi)
Horizon. Goranki-Dere Gorge, Djebel’-Ata area
(Orimlidje section according to Beznosov, Mitta, 2000),
Great Balkhan. 20-25.01.1993



Figure AS3E. Temigenous unit of alternation of sandstones
and siltstones gradually passes into uait of carbonate
sandstones. Upper Callovian. Urumil djan(skyi) Horizon.
Goranki-Dere Gorge. Djebel -Ata area. Great Balkhan. 20-
25.01.1993




Tashlydere (Tashlyderin(skaya)) barrier reef Fm.
Reef buildings are traced from Dagdirym Mt. at the West to Tashlydere Gorge at the East
making a sublatitudinal stripe. They differ in size, position within sequence and complex of
reef-building organisms.

The most lower position in the section at the base of Urumil’djan(skyi) Horizon is occupied
by Tashlydere reef and buidings of central and Western parts of Shakhliburun ridge.
Tashlydere reef with erosion covers Guzvash Fm. and with unconformity is covered by
Arlan(skaya) Fm. of Beriassian — Valanginian. The observed height of reef is 120-150 m,
width — about 1 km. Reef is comprised by light massive limestones with biogermal bedding.
Big size detritus including fragments of stromatoporates, bryozoans, corals cemented by
algael incrustation and crystalline calcite prevail. Shakhliburun Ridge contain hill-shaped reet .
buildings of 30 — 40 m high and 100 m wide. At the base sometimes relicts of stromatoporates <« « "
can be seen. J
To the North from Ekerem area and in the middle part of Tuezmergen Gorge at the joining
point of Chukansu and Inzhirlydyi Gorges foot of reefs is situated on different levels within
lower half of Urumil’djan(skyi) Horizon covering the wedge of spotty dolomites and
limestones of Ishekiol’(skaya) Fm. The most high reefs are 150 m high and their top reach to
top of Horizon. Buildings consists of huge crystalline dolomites with chert concretions. In
thin sections relicts of bryozoan fragments and abundant spicula of siliceous sponges can be
seen. At the Upper part of Tuezmergen Gorge and at water parting area of Tuezmergen,
Chukansu and Inzhirlydyi Gorges reefs migrate into the upper part of Horizon but become
smaller commonly presenting small steep slope hills of 5-20 m high (maximal height is
m). they consist of micritic dolomitized limestones with relicts of algael textures and s
of siliceous sponges.

From reefs of lower part of Horizon Ammobaculites, Trochammina, Glomaospi

Marssonella, Haplophragmoides, Ophthalmidium, Spirillina, Epistomina Figure AS3F. Terrigenous Upper
Lithuoliidae (?) were determined. From algael-spongal buildings of up Callovian units gradually passes into
Mansonella doneziana Dam, Verneuilinoides, Spiroplectammi Oxfordian carbonate reef units forming
Gumb,, Ophthalmidium ex gr. carinatum (Kubl. et Zw.), Spiri vertical cliffs. Urumil’djan(skyi) Horizon.

Goranki-Dere Gorge, Djebel’-Ata area,

volgensis Mijatl., E. ex gr. uhligi Mjatl. wer: :
olgensis Mjatl, ex gr. unligi Mjat ElelnEleE e Great Balkhan. 20-25.01.1993



Fm. makes a clinotheme, maximum of thickness coincides to replacement zone of

barrier reef by back-reef lagoon deposits and in space corresponds to maximal
thickness of Djebel-Ata and Guzvash Fms.

¥ BN e
Figure AS3G. Rhythmically bedded Oxfordian limestones
gradually pass into unit Oxfordian — Kimmeridgian
massive dolomitized limestones and reef buildings.
Goranki-Dere Gorge, Djebel’-Ata area, Great Balkhan. 20-
25.01.1993. R.R.Gabdullin for the scale




Karaburun(skyi) Horizon (Kimmeridgian — Lower Berriasian)

Karaburun(skyi) Horizon was described by N.V.Beznosov and

V.V.Kutuzova in 1985 and unites Soimonov(skaya),

Dagdirim(skaya), Lyammaburun(skaya) Fms., Annanyaz(skaya),

Inzhirs(skaya) units and Shakhliburun(skyi), Karaburun(skyi),

North Monzhuklin(skyi) reef complexes laterally transiting into

each other. Horizon represents deposits of complicatedly composited e
carbonate platform (Figs. AS3G-I) Rl
Soimonov(skaya) Fm. e .
Soimonov(skaya) Fm. within Great Balkhan is exposed at Bordjokly 3
Chain where dolomites of Ishekiol’(skaya) Fm. are covered by:
1.White sugar-like gypsum with subordinated beds of green clays.
Thickness up to 15 m.

2.Red silty clays transiting into clayey horizontally bedded plated
siltstones with subordinated beds of algael and micritic limestones.
6-7 m.

3.Lense-like alternated from pebble- to boulder badly sorted and
rounded skew bedded conglomerates and sandstones. Channel
incisions filled by conglomerates within more ancient rocks are
observed. 30 m.

At the West and Eats of Bordjokly Chain Fm. is missing (is erc
and than appears at the East of Kubadag (validation point
Absence of fossils is explained by continental environme

Figure AS3I. Oxfordian — Kimmeridgian
carbonate paltform: lower and middle parts.
Goranki-Dere Gorge, Djebel’-Ata area, Great

Balkhan. 20- 25.01.1993. White tent for the scale



Lyammaburun(skaya) Fm.

Lyammaburun(skaya) Fm. is distributed within Oglanly Chain and also at Southern wing of Great Balkhan anticlinorium
at Lyammaburun Ridge, Karaburun and Kazandzhiburun Mts. and at Eastern slope of Shakhliburun Ridge. At Oglanly
Chain and Kyariz Mt. Lyammaburun(skaya) Fm. covers Ishekiol’(skaya) Fm. not distinctly separating by limestone unit
(2,5-3 m) at the top of the last. Here Lyammaburun(skaya) Fm. is comprised by micritic and macro-crystalline medium-
bedded dolomites with lenses of dolomitic breccias in the middle and upper parts of sequence. Thickness is up to 70 m.

At the South Fm. fills the depression between Shakhliburun, Karaburun and North Monzhuklin reefs leaning to their slopes
and totally dissapearing — cutting out by Lower Cretaceous Arlan Fm. above reef top. Here Fm. unites medium- and thickly
bedded dolomites and dolomitized limestones. Rock is microcristalline with relicts of cloddy-clumpy and clastic textures.
Rhythmically composition is presented by alternation of relatively hard and loose beds. Thickness of Fm. within depression
between Shakhliburun & Karaburun and between Karaburun & North Monzhuklin reefs between reefs is 350 m. Fm. is
characterized by big bivalves and gastropods collected at the Lower Tuezmergen Gorge: Photadomya ex gr. gigantea Sow.,
Neitheia ex gr. simplex Mordv., Pterotrigonia cf. caudate Ag., Litschkovitrigonia, Corbis, Myopholas spp., Tylosioma,
Upella sp. Also Tithonian tinthinnidae Calpionella alpina Lorentz occur.

Annanyaz(skaya) Unit is distributed within limited space of the Northern cliff of Great Balkhan between Dagdyrim and
Ishekyol Mountain path (trail). Here with erosion above Ishekiol’(skaya) Fm are exposed:

1.Dolomitized light-gray partially with skew bedding stromatolite limestones with angular chert clasts. 2.5-3 m.
2.Light-gray massive partially with unclear skew bedding clastic oolitic limestones. 90-100 m.

Above with unconformity Arlan Fm. (Berriasian — Valanginian) lies. From oolitic limestone Ammobaculites
suprajurassicus (Schw.), Mesoendothyra sp., Alveoseptajaccardi (Schw.) were determined.

Dagdirim(skaya) Fm.Dagdirim(skaya) Fm. is distributed within limited space between Upper Tuezmergen & Urumil’djan
Gorges filling depressions in paleorelief between Annanyaz(skaya) Unit and Shakhliburun reef. Fm with erosion covers
Ekerem(skaya) Fm.:

1.Gray algael stromatolite limestones with breccia of chert concretions at the base and within member. 5-6 m.

2.Black thickly- and medium bedded cloddy-clumpy partially clastic to different extent dolomitized limestones. Up to 120
m.

3.Gray thickly-bedded crystalline & dolomitized limestones with porphirite-like texture. 40 m.

At bed no. 2 ammonite Ataxioceras ? sp. , bivalves Astarie quechenensis Lor., A. sauvagei Lor., Opis greppini Lor. and also
microfauna Ammobaculites suprajurassicus Schw., Glamospirelia, Textularia, Trochammina, Verneuilinoides spp.,
Mesoendothyra izjumiana Dam were met. At bed no. 3 Quingueloculina, Ophthalmidium spp.,Guttulina ? sp. appear.



Shakhliburun(skyi) reef
Shakhliburun(skyi) reef can be traced 18 km from SW
submerging of Shakhliburun Ridge up to Upper Chukansu
Gorge, it is 3—4 km wide.. It covers Ekerem(skaya) Fm. or
reefs of Tashlydere barrier reef system. At the last case at the
base of Shakhliburun(skyi) reef an erosion surface occur.
Southern slope of reef is leaned by Lyammaburun(skaya) Fm.
At the North one could see replacement of reef by bed no. 2 of
Dagdirim(skaya) Fm. the most high beds of Dagdirim(skaya)
Fm. leans the slope. Top of reef is with unconformity covered
by Arlan Fm. Observing height of reef is 180-200 m.
Reef consists of white massive and biogermic-bedded detrital
and biomorphic coral-algael limestones with units of inner reef
lagoon cloddy-clumpy clastic thinly- and medium bedded
limestone units of 8-10 m thick with cyanobyonts Girvanella
sp. and others.
In reef limestones big Pseudocyclammina lituus (Yok.),
Alveosepta jaccardi (Schr.), Ammobaculites coprolithiformis
sequanum (Mohler), A. suprajurassicus (Schw.), Reophax sp.,
Glomospirella sp., Mesoendothyra sp., Vernemlinoides sp. were
determined.
North Monzhuklin(skyi) reef
North Monzhuklin(skyi) reef is located to the South f
Great Balkhan at the Eastern part of Kel kor sali
partially intersected by wells at the depth inte
m. Reef is with unconformity covered b
presented by chalk-like loose carbone
colonial corals.
Shakhliburun reef is the most Figure AS3I. Oxfordian — Kimmeridgian
direction from the coas carbonate paltform: upper part. Goranki-Dere
Gorge, Djebel’-Ata area, Great Balkhan. 20-
reefs are younger 25.01.1993.




Inzhirs(skaya) unit

Inzhirs(skaya) unit is distributed within Northern slope of Oglanly Chain and at Great Balkhan at the Upper
Urumilidjan and Tuezmergen Gorges. It conformably covers Dagdirim(skaya) and Lyammaburun(skaya) Fms. and is
mainly presented by carbonate gravelites usually replaced by dolomites. Thickness varies from 20 to 60 m. unit is with
unconformity covered by limestones of Arlan Fm. Unit contains: Glomospirella, Textularia, Ammobaculites,
Gaudryina, Trochammina spp., Pseudocyclammina lituus (Yok.), Mesoendothyra sp., Trocholina cf. conica Schlum.,
Bolivinopsis, Conorboides, Siphotextulahella (?), Tiniinnopsola sp. In the matrix skeletons of bivalves, gastropods

brachiopods, juvenile ammonites exist.




Field trip. Validation points
Sedimentology: Description eha
(Amanniyazov, 1971; Guide-book...,
1968) — Upper Jurassic deposits of
Kubadag (Figs. AS4A-B) are strongly
facially changing (in the distance of 2—-3
km) along the Ridge
This circumstance and extremely rare
fossils seriously complicated the study of
the section. Lower boundary of Upper
Jurassic deposits is not exposed, so type of
contact and underlying rocks are still
unknown. Only in on place at the Eastern .
ending of Turkmenbashi in a small " ,
exposure one could see strongly
dislocated (folded) clayey shales and i o S S I i

gravel conglomerates, transiting into scheme for field validation
conglomerate with pebble of a small size. vic volcanic rocks and Late

© 2007 Europa Technologies

Sandstones contain remnants of an granites — core of Kubadag rise form
belemnites, bivalves and crinoids and ef isometric hills surrounded by

possibly are analogs of Bathonian or rkmenbashi town. To the North a linear ridge
Callovian deposits of Great Balkhan. The of Mesozoic rocks is located.

disappearance of Callovian deposits is Position (determined by Google Earth):
caused by tectonic factor. The most 40.02.07.70 N. 52.55.28.45 E

ancient Jurassic rocks coinciding to Age: Callovian(?), Oxfordian-Tithonian
massive sandy-conglomerate unit of

Kaifatin(skaya) Fm.



Figure AS4B. A view to Kubadag ridge and
Caspian Sea (Turkmenbashi — former
Krasnovodsk, 27-28.01.1994,
R.R.Gabdullin). Caspian Sea is
transgressing: electric power line
constructions (right) are partially
drowned.
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Gypsum-bearing

Horizon

Horizon gf dolomi-

ized limes-

Kubasengir Fm.

Kaifatin
(skaya)

Figure ASAC. Sectiorref-Kuba-
Sengir Mt., Kubadag area
(Amanniyazov, 1971).
Explanation is given in the text.




Upper Substage, Kubasengir(skaya) Fm.

To this Formation the carbonate part of upper Jurassic rocks of Kubadag is coincided. Rocks are exposed at Kaylu
station and to the West from station Guesha extending in a stripe around Turkmenbashi from the Eastern and
Northern-Eastern sides. Rocks are steeply inclined, sometimes overturned.

Rocks of Fm. are divided into 2 lithological horizons: 1) marly organogenous limestones; and 2) dolomitized
limestones.

Railway station Kaylu section

Horizon of marly organogenous limestones (or Nerinea Horizon) — alternation of thinly bedded light gray
organogenous limestones and marls with thin beds of clays and clayey argillites. Horizon contains gastropods and
bivalves. At the lower part of Horizon shells of Nerinea sp. are usually met. At the upper part remnants of different
bivalves are included into beds of cloddy (clumpy) marly limestones. Horizon can be spitted into 2 units: Lower of
organogenous limestones and Upper of shaly dolomitized marls.

Lower (organogenous limestones) Unit is presented by slightly clayey cloddy limestones transiting in some places
into the gastropod shell-rock with Late Oxfordian Polyptyxis nodosa Voltz. Kubadag is a unique place within whole
Turkmenistan where big variety of innumerable gastropods is met. Unit is finished by conglomerate with pebble of
the small size lying below the reddish-brown cloddy clays and clayey siltstones. Unit is 30.8 m thick.

Upper (shaly dolomitized marls) Unit is presented by light gray dolomitized and sandy, marly thinly bedded
limestones. Unit is distinctly seen by the monotous lithological style of dark brown section. At the lower half of the
sequence limestones are fine- and coarse-grained, plate-like, thinly-bedded. At the upper half section limestones
becomes sandy, strongly dolomitized with Polyptyxis nodosa. Thickness of the Member is 38 m. At the Soimonov
Bay thickness is 45 m.

Horizon of dolomitized limestones can be easily seen by bench-like weathering profile:

Bed 1. Alternation of plate-like limestones with clayey-silty marls. 14.5 m.

Bed 2. Pelitomorphic thickly bedded limestone. 6 m.

Bed 3. Alternation of dolomitized sugar-like limestones with thin beds of marly dolomites. 14.5 m.

Here Horizon is 35 m thick, at the Soimonov Bay thickness is 72 m.




Kimmeridgian Stage

Soimonov(skaya) Fm. have 2 types of section: Eastern (Kuba Sengir), Western (Soimonov). Formation
demonstrates strong facial variety.

Eastern (Kuba Sengir) type of section is characterized by 2 units: Lower — alternation of clayey and dolomitized
siltstones and sometimes with sandy limestones with thin anhydrite beds and Upper conglomerate.

Western (Soimonov) type of section is presented by 2 units: Lower gypsum-bearing and Upper red colored sandy-
silty rocks. An abrupt increase in thickness of gypsum-bearing and gypsum rock is observed to the West from Kok-
Djol gypsum Gorge.

Soimonov(skaya) Fm. is divided into Lower (Kimmeridgian) and Upper (conventionally referred to Tithonian)
SubFm.

Lower (Kimmeridgian) SubFm.

Railway station Kaylu section

Bed 1. Bedded clay. 1.2 m.

Bed 2. Alternation of silty limestones and white clayey sandstones. 15 m.

Bed 3. Alternation of quartz conglomerates with pebble of small size with thin beds of red clays and clayey
siltstones. 5 m.

Bed 4. Light gray medium and coarse-grained sandstones. 1.1 m.

Bed 5. Alternation of clayey limestones with thin beds of anhydrite and silty clays. 7.5 m.

Bed 6. Slightly silty sandstones. 2 m.

Bed 7. Alternation of pelitomorphic limestones and marls. 12.3 m.

Bed 8. Pelitomorphic limestones. 4 m.

Bed 9. Carbonate medium-grained sandstone. 10 m.

To the West from Kaylu railway station rocks becomes more sandy and at the Kok-Djol first red gypsum-bearing
siltstones occur. 2—3 km to the West an abrupt increase of thickness of chemogenous rocks is observed. it can be
cause by tectonic factor. At the Soimonov bay a thickness of a single gypsum bed can increase up to 25 m. Here
carbonate rocks are absent. Above the middle part of the SubFm. a horizon with small Kimmeridgian bivalves
Protocrdium dionisium Buv., Corbula carinata Buv. is situated. General thickness of SubFm. is 76—145 m.




Tithonian (?) Stage

Upper SubFm. is presented by terrigenous unit.
Railway station Kaylu section

Bed 1. Alternation of differently coarsed sandstones, gravelites and conglomerates at the middle part. 13.2 m.
Bed 2. Carbonate coarse-grained sandstone. 40.5 m.

Bed 3. Carbonate sandstone. 48 m.

Bed 4. Carbonate conglomerate with pebble of a big size. 2.5 m.

Bed 5. Coarse-grained sandstone with thin beds of conglomerates. 15 m.

To the West from Kaylu station (Kok-Djol gypsum Gorge) thickness of conglomerate unit decreases. At the
Soimonov bay area rocks of Upper SubFm. unite alternation of red, ash-gray clayey siltstones with light gray, ¢
sandstones gradually submerging below Lower Cretaceous limestones.

Lower Soimonov SubFm. is an analog of Gaurdak Fm., Upper Soimonov Fm. — analog of Karabil' F
Kugitang area (field validation points no. 6-13).

omprised by igneous Paleozoic
deposits at the \West. At the East —
metrical shape: Southern slope is
e surface. Southern slope consist of Upper
ghand even overturned at the North. Deposits are

plitude. Eastern part of Ridge is lesser tectonically
0-20° (Guide-book..., 1968).

S located within the Kubadag






Field trip. Validation points
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Figure AS5A. Locality scheme for field validation point.
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Locality 5: Kopetdag ridge, Koy-Ata Cave, Ahal welayaty, Central
Turkmenistan, near Iran border
Position (determined by Google Earth): 38.21.09.09 N, 57.23.28.26 E

Age: Oxfordian—Tithonian
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Figure AS5C. General section of Upper Jurassic deposits at
Kov-Ata cave (Central Kopet-Dag)(GEOLOGY OF USSR,

1972): 1 — limestone; 2 — dolomitezed limestone; 3 —

anhydrite; 7 — organogenous-clastic limestone; 8 — detrite; 9

dolomite; 4 — silty-sandy limestone; 5 — marl; 6 —gypsum,
— chert concretions, insertions.



Upper or Dolomitized Limestone Horizon (45 m) is presented mainly by dark gray fine-grained
dolomitized limestones with chert concretions. it differs from the Lower Horizon by appearance of
chert concretions.

The exposed part of Fm. near the cave is 32 m, in Kel'ata area — 168.5 m. fm. is lying under
paleontologically characterized Upper Oxfordian rocks, so age of Fm. is conventionally considered to
be Lower Oxfordian.

Upper Substage

Mekhinsuss(skaya) Fm. is presented by thick unit of alternation of dark gray thinly bedded clayey
limestones with dark gray organogenous, organogenous-clastic and cloddy limestones.At the top of Fm.
a unit of thick bedded limestones with chert concretions, sponges and single corals. After hammering a
strong smell of H,S one can feel. Formation was named by Mekni-Su spring, located 1 km to the \West
from exposure of rocks of mentioned Fm. Formation can be divided into 2 Horizons: Lower of clayey
limestones and Upper — of thick bedded limestones with chert concretions.

Lower Horizon of sheet-bedded clayey bituminous limestones are well exposed at Koy-Ata area at the
cupola part of anticline at Indzhreva River valley. Here this part of Fm. is presented by alternation of
sheet-bedded clayey bituminous limestones with organogenous limestones.

Bed 1. Thin bedded clayey limestone. 1.7 m.

Bed 2. Dark gray hard limestone. 2.7 m.

Bed 3. Greenish-gray cloddy clayey marl. 3.5 m.

Bed 4. Dark gray organogenous-clastic limestone 2.3 m.
Bed 5. Clayey sheet-bedded limestone. 2.8 m.

Bed 6. Organogenous-clastic limestone. 1 m.

Bed 7. Analog of bed no. 5. 1.2 m.



Bed 8. Gray organogenous-clastic limestone. 1.6 m.

Bed 9. Analog of bed no. 5. 9.5 m.

Bed 10. Dark gray organogenous-clastic limestone. 10.7 m.

Bed 11. Analog of bed no. 5. 17 m.

Bed 12. Analog of bed no. 6. 3 m.

Bed 13. Analog of bed no. 5. 12 m.

Bed 14. Analog of bed no. 6. 17 m.

Bed 15. Analog of bed no. 5. 27.5 m.

Bed 16. Fine-grained dark gray hard partially organogenous limestone. 2.7 m.
Bed 17. Dark gray thinly-, sheet-bedded limestone. 4.7 m.

Bed 18. Analog of bed no. 6. 14.5 m.

Bed 19. Alteration of sheet-bedded dark gray clayey limestones with
organogenous-clastic limestones. 12.6 m.

Bed 20. Dark gray oolite limestone. 3.6 m.

Bed 21. Analog of bed no. 5. 20 m.

Bed 22. Organogenous-clastic Dark gray bedded limestone. 1.2 m
Bed 23. Analog of bed no. 5, but also thinly-bedded. 4.1 m.
Bed 24. Organogenous-clastic cloddy limestone. 10.4 m.
Bed 25. Analog of bed no. 5. 23.5 m.

Thickness of Horizon is 210.8 m. At Koy-Ata area
m thick.




From lower part of this Horizon from Kel’-Ata area Perisphinctes biplex Sow., P. plicatilis Sow., P.
elisabethae Riaz, P. aeneans Gemm., P. ex. gr. orbignyi Loriol, P. lucingensis Favre, P. sp. indet,
Calliphylloceras sp. are known. These fossils mostlt characterize Upper Oxfordian. From this interval
bivalves Parallelodon aff. oemulum Phill., Gervillia ex gr. aviculoides Sow., Isognomon cf.
paramytiloides Arkell, Ctenostreon cf. proboscideum Sow., Modiolus cf. aequiplicata Strom., Mytilus
aff. jurensis Merian, Goniomya aff. kobyi Lor., Astarte sp. indet., Trigonia (Myophorella) sp indet.,
Protocardia sp indet., Entolium sp., Pleuromya sp. were found. Brachiopods Ptyctothyris ex gr.
andelotensis Hass, P. aff. karabugaensis Moiss. are met. At Koy-Ata cave Upper Oxfordian ammonites
Perisphinctes biplex Sow., P. plicatilis Sow., Lytoceras sp. indet. at the base of Fm. were found.

Upper Horizon of thick bedded limestones with chert concretions.

Bed 1. Dark gray organogenous-clastic limestone.15.1 m.

Bed 2. Dark gray fine-grained limestone. 11.9 m.

Bed 3. Fine-grained thickly-bedded limestone. 2.8 m.

Bed 4. Fine-grained thinly-bedded limestone. 3.2 m.

Bed 5. Fine-grained thickly-bedded limestone with chert concretions at the top. 3.8 m.
Bed 6. Analog of bed no. 2. 10.9 m.

Thickness of Horizon is 47.7 m. At Koy-Ata area this interval of section is 160.5 m thick.

Kimmeridgian Stage

Uzynsyrt(skaya) Fm.

At Kel’-Ata station this Fm. is presented by thinly- and thickly-bedded gray or brown micro-grained and
crypto-grained limestones. Lower part of Fm. is presented by unit of mainly thinly-bedded dark gray
fine-grained limestones. Upper part consists of alternation of massive and thinly-bedded limestones. Fm.
is ended by unit of clayey rocks. Thus, 3 horizons are established. At Kel'-Ata area rocks of Fm. form a
steep cliff of the same-named ridge.



Horizon of alternation of thickly- and thinly bedded limestones with fine-grained dark-gray hard
and thinly bedded limestones.

Bed 1. Dark gray pelitomorphic thickly bedded limestone. 4 m.
Bed 2. Dark gray clayey thinly-bedded limestone. 7 m.

Bed 3. Slightly sandy limestone. 1 m.

Bed 4. Greenish-gray cloddy marl. 4 m.

Bed 5. Gray clayey thickly bedded limestone. 9 m.

Bed 6. Light gray sandy marl. 1 m.

Bed 7. Dark gray pelitomorphic limestone. 4 m.

Bed 8. Dark gray clayey organogenous limestone. 8 m.

Bed 9. Dark gray pelitomorphic thickly bedded limestone. 26 m.
Bed 10. Alternation of marls, limestones and clays. 8 m.

Bed 11. Light gray hard clayey marl 3 m.

Bed 12. Dark gray pelitomorphic cloddy limestone. 2 m.

Bed 13. Organogenous limestone. 3 m.

Bed 14. Alternation of thickly bedded limestones with cloddy thinly bedded limestones. 25 m.
Bed 15. Thickly bedded pelitomorphic limestone. 10 m.

Bed 16. Light gray dolomitized marl. 1 m.

Bed 17. Gray pelitomorphic limestone. 2 m.

Total thickness of Horizon is 124 m.

At the base, middle and upper part of described Horizon beds rich in bivalves,
brachiopods, gastropods exist. Ammonites are rare. From this Horizon bivalves Chlamys cf.
vininea Sow., Arcomytilus aff. morriisi Sharpe, brachiopods: luralina repelliniana Orb., I.
bullingdonensis Roll., Lobothyris valfinensis Lor., Postepithyris bauhini Et., P. etalloni Roll., P. aff.
tipica Kjansep, Rhactorhynchia pinguis Reem., R. corallina Leym., Lacunosella trilobataeformis
var. ventriplana Wisn. are known.



Clayey Horizon consists of alternation of carbonate clays and clayey-silty limestones.
Bed 1. Alternation of light gray marl with sandy clay. 6 m.

Bed 2. Green carbonate hard clay. 5 m.

Bed 3. Light gray hard marl. 1 m.

Bed 4. Alternation of clays, sandstones and marl. 7 m.

Bed 5. Light gray clayey bedded limestone. 8 m.

Bed 6. Limestone with thin clay beds. 6 m.

Bed 7. Limestone with thin clayey limestone beds. 12 m.

Total thickness of Horizon is 45 m.

At Koy-ata cave area this Fm. is presented by alternation of gypsum-anhydrite rocks with dark
organogenous limestones. Relatively more weak rocks are presented by clayey siltstones,
anhydrites, gypsum, gypsum-bearing sandstones. White grained gypsum is loose at the surface.
Kimmeridgian age of Fm. is based upon mentioned fossils.

Tithonian Stage

Y (e)llyderyn(skaya) Fm. was named by the same-named gorge located just to the West from
Koy-Ata cave. These rocks form a steep ridge inside which a cave is located (Figs. ASSD-F).
Here a section is presented by massive limestones with rare lenses of anhydrite. At Kel*-Ata
station Upper Jurassic sequence is finished by light gray massive fissured limestones. Dark gray
dolomitized limestones with anhydprite lenses can be observed near Ashgabat at Firusa Gorge.

Below description of section near Kel'-Ata station is given.



5 - . e : i igure ASSE. Exposure of thythmically bedded rocks of Y(e)llyderyn(skaya) Fm.
Figure ASSD. Exposure of rhythmically bedded rocks of Y(e)llyderyn(skaya) Fm. View from South-West to North-East. Entrance into the cave is situated at the left.
'iew from West to East near the entrance into the cave. 26-27.01.1993 White tent at the right — for a scale. 29-30.01.1994




Interpretation - Shallow-marine environment.

Structure: At Koy-Ata area, 800 m from the beginning ——_—
of Indjereva River in the core of the fold upper beds of s ‘
Garadjagain(skaya) Fm. are strongly dislocated. ~

Regional significance: This validation point is located
within the Kopet-Dag

Petroleum systems information is given at §6

Figure AS5G. A View from

the Ridge comprising Koy-
Ata Cave
’ A ¢




g Tglol

lal

talala

Turkmenia (Amanmiyazov. 1971). By cross shading denudation areas are shown.

Soimoeav Hay Kubo-Sorginds. Ha

-I" Anabe-s LA Aj
e agh C Sarks -
v =g b= |~ | AT
' T sEAD S Heny "
v ; ’ '
ubs- >
re ”“% % N, Kahakly
r M, Hondjakly X5
!'ﬁ-—"m"- Cinodatjo \
= L] “,| ) N 3
Kn \ e
0
Tl Kire 2%

R Figure
4.2. Three dimensional facial profile of Kimmendgian-Tithonian deposits of Turk-
menia (Amanniyazov, 1971)
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Figure 5.1. Lithological — paleogeographic map of Circum-Caspian region for Late
Bathonian-hervei time of Early Callovian (Beznosov, Mitta, 2000): 1 — areas of ero-
sion; 2 — lake-swamp lowland; 3 — alluvial filling of paleovalleys; 4 — coastal lowland
at Late Bathonian transiting into shelf one at the Early Callovian; 5 — divided coast; 6
— shallow shelf and tidal plain peniodically alternating each other; 7 — weakly salted
lagoon; 8 — shallow shelf: 9 — trough, flysh trough, prodelta; 10 — basin with carbon-
ate sedimentation; 11 — arc area with strongly divided relief; 12 — areas of distnbution
of late Bathonian deposits within Northem slope of Caucasus; 13 — suture zones lim-
iting Turan Plate and miogeosynclinal of Great Caucasus; 14 — exposures of ophioltes
and coloured melange along the Northem side of Iranian plate; 15 — Zagros sufure.
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Figme 5.1 Lithalogical - palsegeosraphic map of Circum-Caspian region for
Callowian (except hervel time) and Cxfordian (Bemosov, Mitta, 2000): 1 - arsas of
erpsion; 2 — coastal above-tdal plains: 3, 4 - ndal planes—shallow shelf: 3 - with ter-
rigendus sedimenfation, 2 — with femigenous amd carbonate sedimentadon: 5 - difer-
entisted by depth carbonate basin: 6 - npaustelfwﬂhmgmmsedmenﬂumm
Callovian transiting into carbonate ane at the end of Callovian and in Crefordian; 7
Lintoral with sandsione and sandy dolomite acounmiaton: § - hﬂreaflagnmsmi
tidal plains; 9 - outer fonts of barrier-reef systems; 10 - olistolite belr of reef
limestones within thoest zone of Southern shope of Caucamus; 11 - fiysh trongh; 12 -
basin with clayey and carbonate sedimsptation; 13 - basin coming inta the tronzh
with acoumulation of sapropel dolomites; 14 - basin coming into (shallow) shelf; 15 -
arcs with island resfs; 14 - “lirtoral™ with carbonate sedimentadon: 17 - coastal
goartr sands and conglomeratzs; 19 — Zagros subare; 20 - area of uplift and erosion of
Turkmenian anticlise acoured since Middle of Crfoardian.
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Figure 5.3. Lithological — paleogeographic map of Circum-Caspian region for Early
Iummmdgun(‘Bemosov Mitra, 2000): 1 - areas of erosion: 2 — coastal above-tidal
plams with accummulation of lake and proluvial deposits; 3 — tidal planes, lagoons. 4 -
basins of salt accummlation: 5 — zone of the maximal freshing of salted water, 6 —
ourzr Tonrs of bamer-reef systems; 7 — olstolite belt of reef Imestonss within thrust
zone of Southern slope of Caucasus; § - flysh trough: © — arcs with 1sland reefs; 10 -
shelf with carbonarte sedimentation: 11 — shelf~tdal plane (7); 12 - sures of
ophioites and coloursd melange alonz the Northem side of Iranian plate; 13 — Zagros
suture.
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Fimme 5.4 Lithalogical — paleegeosmaphic map of Cirrum-Caspian region for Late
Eimmerideian — Tithomian (Bemosov, Mitta, 2000]: 1 — areas of erosion; 1 - coastal
ahove-tidal plains with acoumvalyton of lake and prohrrial deposits: 3 — lagoons—fidal
plam=s, coastal lowlands; 4 — basms of salt accummlyiton ransformed in Middle — Lage
Tithonian by shallow shelf, 5 — challow crafonic basin, mwashed bars, lagoons; & -
the same as 5, but ransformed in the end of Tithonian by salty lazoon transitng i
alhmvial plain; 7 — outer fronts of bamisr-reef systems; & — olistolite belt of reef

limestones within thoust zone of Southemn slope of Cancasas; 9 — flysh woash: 10 -
arcs with island reefs; 10 — shallow shelf, “Titbaral™(7); 11 — shelf~tdal plane (7); 12 -
exposures of ophioltes and coloured melanze along the Morthem side of Iranian plate;
13 - Zapros sutdre.




Figure 2.2.9. Geological map (Geology of USSR, 1972)l of Eastern Turkmemistan with
position of field validation pomnt no. 6, 7. 9. 10 within Kugitang-Baisun folded zone.

Figure 2.2.10. Geological mip of Western Uzbekistan with positiori of field validation
point no. 8. 11. 12. 13 within Kugitang-Baisun folded zone.




Sedimentology: — Description (Beznosov, Mitta, 1995)
— At the Southern part of Gaurgak Mt to the South from
the latitude of Shurcha spring the following sequence is
exposed (Figs AS6A — B):

Kugitang Super Formation. J;0,

1. Shurcha reef massif.

1.1. Nucleus of reef. White massive and biogerm-
bedded, corallic, algael, bioclastic limestones. Weakly
porous kinds of rock are filled by oxidized bitumen
(“anthraxolite”) and have black color. Colonies of reef
building organisms are deposited in situ and in
overturned position inside matrix of bioclastic limestones
with abundant rudist and gastropod shells. Massive and
biogerm-bedded limestones contain lenses (up 5-6 m) of
plate-like litho-bioclastic limestones below level of
carbonate gravelites. Foot of reef is not exposed, top is
irregular, make addendums of 25-30 m high. Upper of :

addendums often is comprised by algael limestones. Reef osit);f)yr’m I(Efjtt::r:;zgk&: eglosggre Earth): 37.49.55.41
is maximally exposed at gullies of the SE slope, come N. 66.07.15.47 E Ak
down to the Shurcha spring up to 100 m of visual :

v scheme fo

cline is seen from the space.

6: SE slope of Gaurdak ridge, Lebap

Age: Middle Oxfordian — Lower Kimmeridgian
thickness. Separate exposures of reef top can be
and in gullies, come down from this top to
Agudash spring. From biogerm limestc
Ammobaculites ex gr. coprolitiformi
mirabilis Wench., Gaudryina
semisphaeroidalis Danitc



Figure AS6B
(Beznosov, Mitta,
1995). Sequence of
terminal part of
Kugitang Super Fm.
and basal part of
Gaurdak Super Fm. in
the vicinity of Shurcha
spring and to the South
from it.



3.2. White sugar-like massive gypsum loose (at the surface) on depth of 2-3 m transiting
into anhydrites is 60-70 m thick.

At the lower part of anhydrite (gypsum) tomour-like impurities and lensic beds of black
limestones with hollowings (“nests”) and small veins of virgin sulfur and also gatherings of black
loose calcite-gypsum mass with sulfur crystals are observed. These sulfur-bearing limestone
sometimes interpreting as black shales are epigenetic and occur because of sulfate-rec
reactions during disintegration of carbon-hydrogene deposits in Shurcha reef.

3.3. Gray irregularly thin- and medium-bedded, fine-grained sometimes thin-
"stromatolite™ limestones. Limestone bed is used as a marker horizon within Gé
virgin sulfur (bed Rt). Thickness is 3—4 m. Gypsum with limestone bed Rj are
Complete thickness of Kugitang Super Formation in the vicinity of Gaurc
to drilling data is 568 m. Thickness of Gaurdak Fm. is 750-850 m.

s located within Gaurdak anticline belonging to

: No data



Figure ASTA (Beznosov, Mitta, 1993). Sequence of Kugi-
tang and Gaurdak Super Fm.: A - complete section; B — sec-
tion of Gudzlmmiubegatang(skaya) Fm. in enlarged scale.

Locality 7: Shurcha spring
(Beshbulak Gully), Lebap welayty,
Eastern Turkmenistan

Position (determined by Google
Earth): 37.50.59.14 N, 66.09.00.04 E
Age: Middle Oxfordian -
Kimmeridgian

Field trip. Validation points

ASIA 7



1.3. Gray litho-bioclastic limestones partially transiting into carbonate gravelite with bivalve and
brachiopod shells and boulders of coral limestones are exposed in a lensic bed of 3 m thick totally
disappearing to the North. List of foraminifers includes: Mesoendothyra izumiana Dain,
Pseudocyclammina ci. sphaeroidalis Hottinger, P. lituus (Jok), Alveosepta cf. powersi (Redmond).
J;0,—7km;,

2. Gudzhumtubegatang(skaya) Fm.

2.1. Gray node-bedded fine-grained slime exfoliated by black clayey-bituminous mass limestones
with ammonites Kranaosphinctes (Kranaosphinctes) sp., Dichotomosphinctes efimovae sp. nov.,
foraminifers Epistomina uhligi Mjatl. (dominate), Ophthalmidium cf. tenuissimus Paalzow, Spirillina sp.,
Globuligerina oxfordiana Grig., spores. Separate beds split into beads-like beds of limestone concretions.
Lenses of bivalve shell rock. Inside concretions ammonite shells are partially replaced by pyrite. Pyrite
usually replaced by limonite is also dispersed in limestones in the state of small crystals. Thickness is 1,52
m.

2.2.Black clayey-bituminous shales with Globuligerina oxfordiana Grig. (1,52 m).

2.3.Black fine-grained limestones at the base and top — thin-bedded are presented by two beds (0,2-0,3 m)
separated by clayey-bituminous shales. Vinalesphinctes (Vinalesphinctes) troizkii, V.(V.) gomolitzkii,
V.(Roigites) khusanovi, V.(R.) reimani spp. nov. occur.

2.4. Black clayey-bituminous shales. At the microscope one can see thin (mm) alternation of microbeds of
black non-transparent matter and clearly crystalline calcite. Shales contain abundant calcitic concretions
sometimes making lensic limestone beds. Concretions and lenses are quite often forms from separate shells
of ammonites and lenses of ammonite shell rocks. Thin shell rock beds formed from crushed shells are
abundant in the upper part of the bed. Thickness - 6-8 m. Abundant fossils include: foraminifers
Glomospira sp., Ammobaculites sp., Marssouella cf. doneziana Dain, Nubeculinella ex gr. infraoolitica
Terg., Quinqgueloculina semisphaeroidalis Danitch, Q. cf. frumenta Asbel et Danitch, Epistomina uhligi
Mijatl., ammonites (at the lower part of the member) Ochetoceras (Ochetoceras) canaiiculatum
(Buch), Dichotomoceras (Dichotomoceras) spp. indet, Subdiscosphinctes ex gr. lucingae (Favre), S. ex gr.
aeneas (Gemmellaro), Orthosphinctes (Pseudorthosphinctes) cf. polyplocoides (Geyer), O.



(Orthosphinctes) aff. tiziani (Oppel), O.( O.) cf. polygyratus (Reinecke), O.( O.) flscheri Fantini Sestini
et Assereto, O. (O.) aff. obliqueplicatus Dorn, 1930 (non Waagen, 1875), O.( O.) praecox (Spath), O.(
O.) cf. delgadoi (Choffat), Discosphinctes amanniyazovi sp. nov., D. subamanniyazovi sp. nov.,
Vinalesphinctes (Vinalesphinctes) troizkii sp. nov., V.(V.) gomolitzkii sp. nov., V.(\.) yuferevi sp. nov., V.
(Roigites) khusanovi sp. nov., V. (R.) reimani sp. nov., Larcheria repmanae sp. nov., L.kutuzovae sp.
nov., L. kurbatovi sp. nov., L. gubini sp, nov., L. lewitzkii sp. nov., Epipeltoceras semimammatum
(Quenstedt), Clambites (Neaspidoceras) sixtelae sp. nov., C. (Clambites) fortunatovae sp. nov.

At the base of upper third of section Larcheria gubini sp.nov., Lithacosphinctes cf. lusitanicus (\Wegele
and a little bit higher Lithacosphinctes ex gr. evolutus (Quenstedt) occur. Except ammonites bival
and brachiopods overgrowing huge ammonite shells and remnant of plants, fish (including fre
are met.

Gaurdak Super Fm. J;km,

3.1. Dark gray fine grained not clearly bedded cavernous limestones with
pores. Thickness is 1,2 m. Limestones overlay shales with erosional bounda
3.2. White sugar like gypsum transits into anhydrite in 1-2 m from
than 120 m.

ocated within Gaurdak anticline belonging to

black organic rich shales of Gudzhumtubegatang(skaya) Fm. contain
a, 1995) of organic matter (TOC)



C .- Field trip. Validation points

* K ok Kk K

Interpretation - Shallow-marine, lagoon
environment.

from space. Structure: No data
Locality 8: Karachagat Mt., Tubetagan ridge, Regional significance: This validation point is
Kashkadaryin(skaya) province, SW Uzbekistan located within the Tubetagan anticline belonging to

Position (determined by Google Earth): 38.03.47.14 K ygijtang-Baisun folded zone (or Amu-Darya basin).
N, 66.27.20.61 E

Age: Late Callovian—lower Kimmeridgian Petroleum systems information: No data



Figure ASTA (Beznosov, Mitta,
1995). Sequence of Kngitang an
Gavrdak Super Fm.

Locality 9: Western slope of Kugitangtay ridge (Karluk Village), Lebap

welayty, Eastern Turkmenistan
Position (determined by Google Earth): 37.41.43.14 N, 66.18.38.15 E

Age: Upper Oxfordian— Lower Kimmeridgian



1.2.Light gray fine-grained limestones. 0,4 m.
1.3.Light gray carbonate gravelite. 0,3 m.

Light gray fine-grained limestones. After
unexposed part of 1,5 m thick Gaurdak Fm.
(J5km,) is exposed:

2.1.White sugar-like gypsum. 70-80 m.
2.2. Gray algael limestones (bed R,), about 1 m.
2.3.White sugar-like gypsum. 20 m.

point is
olded zone

ation: No data
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Field trip. Validation points

Locality 10: Anyrchak mountain
pass (Hodzshapil’ata village), Lebap
welayty, Eastern Turkmenistan
Position (determined by Google
Earth): 37.57.14.41 N, 66.35.23.08 E

Age: Upper Oxfordian—Lower Figure AS10B (Beznosov. Mitta,
Kimmeri dg ian 1995). Sequence of Kugitang and

Gaurdak Soper Fm.




folded zone (or
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A§I A 11 ,4: W éﬂ; ,:gié%ﬁ”"; Field trip. Validation points

fir oy i ‘\ 2+ . | Locality 11: Tangiduval’(skaya) hollow, Sussyztay Ridge,
{ Hamkan river, Kashkadaryin(skaya) province, SW
Uzbekistan

| Position (determined by Google Earth): 38.06.09.49 N,
66.36.12.96 E

' Age: Middle Oxfordian—Lower Kimmeridgian




Interpretation - Shallow-marine, lagoon environment.
Structure: No data

Regional significance: This validation point is located within the Tubetagan anticline
belonging to Kugitang-Baisun folded zone (or Amu-Darya basin).

Petroleum systems information: No data

Figure AS11B. View of area of point AS11.



Field trip. Validation points ASIA 12

Locality 12: Gardara gorge, Suosgystay ridge, Kashkadaryin(skaya)
_ | province, SW Uzbekistan
i axmahell Position (determined by Google Earth): 38.11.45.61 N, 66.47.34.26 E

1995). Sequence of Kngitanz and . . -
e Ty Age: Lower Oxfordian—Lower Kimmeridgian

Gorge
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2.8. Dark gray medium- and thick-bedded mainly pelitomorphic limestones with“eyes” of blue-
green and thin beds of limestones with crack-like pores. In the middle and at the top contain thin
beds of gypsum. 15-17 m.

2.9. White sugar-like gypsum make units of 0,5-15 m thick and alternate with subordinate beds
(0,2-1,5 m) of gray pelitomorphic limestones with cavernas and crack-like pores. 40-45 m.

2.10. Gray and pale brown-gray irregularly thin- medium-bedded lithoclastic limestones with single
thin bed of carbonate conglomerate at the top of the third member. 4-5 m.
In the cement of conglomerate Ochetoceras (?) sp. ind., Lithasphinctes cf. lusitanicus (\Wegele
Siemiradski), Ardescia sp. and bivalves occur.

2.11. Sugar-like gypsum make units of 3-5 m thick and alternate with beds (0,1-1,5
pelitomorphic cavernous limestones. Up to 80 m. In the debris an undeterminable
ammonite was found.

ithin the Tubetagan anticline belonging to



C.:: ASIA 13 Field trip. Validation points
o === Locality 13: South of Baisuntay ridge, Pas-Machay village,

_Q ;. e oo TKashkadaryin(skaya) province, SW Uzbekistan

W'~ ss= Position (determined by Google Earth): 67.02.57.94 N, 38.19.05.64 E
Yl 4 A4 .. .- Age: Oxfordian-Lower Kimmeridgian
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igure AlA.LocaIi scheme for field validation point no. 13

Interpretation - Shallow-marine environment.

Structure: No data

Regional significance: This validation point is located within the Tubetagan anticline belonging to Kugitang-
Baisun folded zone (or Amu-Darya basin).

Petroleum systems information: No data
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Figure AS13B. Correlational scheme for vaildation points no. 6-13 with facies boundaries (Beznosov, Mitta,
1995). Legend: A — SE slope of Gaurdak Mt. (point 6); B — Shurcha spring (point 7); C — NE slope of Gaurdak
Mts. (point 8); D — Western slope of Kugitang-Tay Ridge (point 9); E — Khodzhapil’ta Village—Anyrchak
mountain pass (point 10); F — Khamkan River (point 11); G — Gardara Gorge (point 12); H — South of Baisun-
Tay Ridge, Pas-Machai Village (point 13); 1 — clayey, micrite thinly bedded limestones; 2 — reef limestones; 3 —
thickly bedded clastic pelitomorphic cloddy (clumpy)—clotty limestones; 4 — carbonate gravelites, conglomerates,
breccias; 5 — thin beds of “algael” limestones (including oncoidal); 6 — black shales; 7 — nodular-bedded
limestones splitting into concretion layers within loose carbonate bituminous mass; 8 — thinly bedded carbonate
clays; 9 — gypsum (anhydrites); 10 — position and age of stratigraphic levels dated by ammonite finds
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Figure 3.6 (Beznosov, Mitta, 1995). Position of black shale accumulation area rela-
tively neighbour facial belts: 1 - black shale accumulation area; 2, 3 - outer fronts of
live and dying bamer reef systems: 2 - according to drilling data and met at expo-
sres, 3 - according to seismo-methods (geophysics); 4 - islands and bars above in-

Figure 5.5. (Bemmosov, Mitta, 1995). Paleogeographic schemes of SW Gissar for Ox- nerbasinal reefs intersectad by dnllmg and et n ewposues. eroded land

fordan - beginning of Kimmendean: A — ambert-marias tme; B - cordamum-—pli-
caflis dme; C — transversarum time; [ - Late Oxfordian—beemning of Kimme-
ridsian. Legend: 1 - boftom of pericratonic basin (deep shelf - psendoabyssal); 2 -
lagoons with salinity close to normal, inwash bars and sland (nchuding withn sakted
lagoons); 3 — high salinity lagoons; 4 - shallow basin—bay with low hydrodynamics of
bottom waters; 5 — outer font of barrier-reef system; § — inner basmal reefs; 7 -
erpded bars and islands within shallow bay, 8 - mwash bars and lands with acco-
pualation of quartz and quartz-limestone and sravel depasifs.
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Figure 1. Scheme of location of field validation points (black) and 2

wells (purple).
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Field trip. Validation points cs1

Locality 1: Vicinity of Kamennomostskyi Village, Adygeya Republic, Russia
Position: 44.16.51.8 N, 40. 10 51. 9 E
Age: Callovian

Sedimentology:
Description (Nikishin
A.M., Lavristchev V.A.,
Bolotov S.N., Nikul’shin
A.S. —oral report) —
Gerpegem(skaya) Fm.
Paleontological and
lithological characteristics
of this Fm. is given in §3
(for Great Caucasus).

Interpretation — Medium
deep marine environment.

Structure: No data

Regional significance:
This validation point is
located within the
Labin(skaya) zone

Petroleum systems F1°ule CSI1A. Carbonate unit with membel of siltstones and alollhtes Plant detritus is
information: No data presented in siltstones. Siltstones gradually transit into carbonates.
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Figure CS1B. Argillites form hollows in the weathering profile. siltstones —
“benches”.
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Figure CS1C. On the fresh chip rock usually has more light color than on the
weathered one.
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Locality 2: Ritza Lake, Avadkhara region, Abkhazia
Position: 43.27.59.2 N, 40.32.09.8 E
Age: Upper Jurassic

Sedimentology:

Description (Nikishin A.M., Lavristchev V.A.,
Bolotov S.N., Nikul’shin A.S. — oral report) —
Carbonates of back-reef facies are exposed (Fig.
CS2A-B). Fossils are presented mainly by corals of
Upper Jurassic age. Many of them are badly
preserved.

Interpretation - Shallow-marine environment.

Structure: Unit is folded, tectonically imbricated and’
Is broken by overthrusts.

Regional significance: This validation point is SIEWE C82A, Gerietat view & oMlerch:
located within the Dzhirvkhva-Akhibokh(skaya) zone
(see Fig. 3.5)

Petroleum systems information: No data
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Figure CS2B. A unit of a massive organogenous-clastic Upper Jurassic carbonates
with separate corals 5 cm high can be found. Rock is re-crystallized. bedding is not
seen.
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Locality 3: Ritza Lake, Avadkhara region,
Abkhazia

Position: 43.27.32.5 N, 40.32.485 E
Age: Upper Jurassic

Sedimentology:

Description (Nikishin A.M., Lavristchev V.A.,
Bolotov S.N., Nikul’shin A.S. — oral report) — The
most clastic and brecciated (comparably with
previous point) facies of back-reef apron are
exposed. Deposits are presented by brecciated

limestones. Fossils are presented mainly by coralsf: =

of Upper Jurassic age. Many of them are badly
preserved.

Interpretation - Shallow-marine environment.

Structure: Unit is folded, tectonically imbricated | ‘

and is broken by overthrusts.

Regional significance: This validation point is
located within the Dzhirvkhva-Akhibokh(skaya)
zone (see Fig. 3.5)

Petroleum systems information: No data

Figure CS3A A unit of brecciated limestones. Cement was not found. so brecciation
of the semi- consolidated sediment (?) could happened.
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igure CS3B. The same. but enlarged.
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Figure CS3C. A View to the next point (no. 4) from the point no. 3. — Canyon of
Yupshara river
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Locality 4: Bottom of the Yyupshara river canyon, region,
Abkhazia

Position: 43.25.49.2 N, 40.31.33.6 E

Age: Upper Jurassic

Sedimentology:

Description (Nikishin A.M., Lavristchev V.A., Bolotov
S.N., Nikul’shin A.S. — oral report) — The most outer part
of the clastic carbonate back-reef apron is exposed (Figs
CS4A-C). Deposits of undivided Upper Jurassic are first
hundred meters thick. Limestones are massive sometimes
thinly bedded with fossil fragments that can be easily seen.
Horizons of dark bituminous limestones are met. A bed
with innumerable free empty spaces not filled by sediment
can be observed. Visual thickness is more than 150 m.

Interpretation - Shallow-marine environment.

Structure: Unit is tectonically imbricated and is broken by
overthrusts.

Regional significance: This validation point is located
within the Dzhirvkhva-Akhibokh(skaya) zone (see Fig.
3.5)

Petroleum systems information: No data

, = e
Figure CS4A. General view to outcrop. Carbonate rocks form verticall cliffs of few
hundreds meters high.
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Figure CS4B. A unit of the massive limestones with bedding features. Thickness of
beds is 50-150 cm.
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Figure CS4C. Dark bituminous limestone. Empty spaces are free.
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Field trip. Validation points

Figure 5CSA. Section of
Southern wing of Bzyb'
anticline (Topchishvili,
2006). Legend: 1 -
conglomerates; 2 —
breccias, 3 — quartz and
arkoze sansdtones. 4 —
fine grained mica
sandstones. 5 — siltstones
and sandy-silty clayey
shales. 6 — clayey shales.
argillites and clays. 7—-
marls. 8 — marly clays, 9
— limestones and reef
limestones. 10 — sandy
10 limestones and carbonate
== sandstones. 11 —
s dolomites, 12 — lenses of
Cm 12 conglomerates.
- sandstones and
limestones. 13 —coal. 14
— gypsuny, anhydrite, 15— basalts, 16 — andesites, andesite-basalts,
17 — trachy-basalts, trachytes. 18 — tuffs and tuffites, 19 — dacites.
ryolites, 20 — Pre-Jurassic crystalline basement.

CS5

* * x
* *
* @ ~ N

Locality 5: Rivers Bzyb’ and
Gega (junction) area,
Avadkhara region, Abkhazia
Position: 42.22.09.0 N,
40.27.30.3 E

Age: Middle-Upper Jurassic

Sedimentology:

Description — Typical section of
Aibginskaya Fm. (Fig. CS5A)
is located in the Lower Bzyb’
river in the tract Djirkhva where
Bajocian porphyrite Fm. or
Bathonian coal-bearing deposits
are overlaided by rocks of
Aibginskaya Fm. J,K; 5-J;0,
(Topchishvili et al., 2006).
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Member 1. Lower Callovian. Greenish-gray fine grained conglomerate with porphyrite pebbles (1-5 m)
Member 2. Callovian — Lower Oxfordian. Gray fine-grained sandy clays with mollusc and plant fossils.
Early Callovian ammonites Indosphinctes {Indosphinctes) pseudopatina (Par.et Bonar.), 1.(I.) choffati
(Par.et Bonar.), I (I.) patina (Neum.), Choffatia (Choffatia) tilli Mang. and Middle Callovian Putealiceras
(Putealiceras) lugeoni (Tsyt.) are met. Discovered in this unit Lunuloceras (Lunuloceras) compressus
(Quenst.) and L. (L.) pavlovi (Tsyt.) characterize Middle and Upper Callovian. Dinoflagellate complex:
Cleistosphaeridium varispinosum Wool et Rid., Valensiella ovula Eisen., Meiourogonyaulax sp.,
Chytroeisphaeridia chytroeides Dow. et Sarj., Sentusidinium sp., Escharisphaeridia pocockii Erk. et Sarj.
From upper part of member Late Callovian and Early Oxfordian bivalves Camptonectes virdunensis (Buv.),
Lima laeviuscula (Sow.), Ltumida Roem., L. streitbergensis (d'Orb.), Trigonia perlata (Sow.) are known.
Thickness is 90-120 m.

This interval of section is overlaid by Middle and Upper Oxfordian sandstones (Topchishvili et al., 2006).
To the North at the Lower Gega River (right tributary of Bzyb”) near karst waterfalls anticline is exposed
with core filled by porphyrite Bajocian. It is transgressively covered by carbonate breccia-conglomerates
with fragments of porphyrites. Callovian ammonites Choffatia (Choffatia) cf. waageni (Teiss.), C.
(Grossouvria) subtilis (Neum.), Putealiceras (Zieteniceras) pseudocracoviense (Tsyt.), Lissoceras
psilodiscus (Schl.), Euaspidoceras appeninicum (Liet.) and also Oxfordian belemnite Hibolites cf.
latesulcatus (d'Orb.) and bivalve Chlamys splendens Dollf. are distributed.

This member of breccia-conglomerates of 3-3.5 m thick was accumulated probably within all Callovian—
Early Oxfordian. To the South and to the North thickness of Callovian deposits considerably increases.

N.G. Khimshiashvili (1957) considered that sedimentation proceeded at the submarine rise that Is why
terrigenous input was absent. Another point of view belongs to V.I. Kurochkin (1938, 1940) and N.S.
Bendukidze (1964). They decided that shells of cephalopods and bivalves were re-deposited and breccia-
conglomerates present the basal bed of massive Oxfordian limestones (Topchishvili et al., 2006).
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Callovian Sea quickly transgressed to the South into Upper Bzyb’ area (Reshevie river, Dou mountain pass
and others), where near the shoreline macrocephalitids and other ammonites, bivalves comfortably
developed. Here Bajocian deposits are transgressively covered by conglomerates, gravelites, siltstones,
sandy clays with lenses and thin beds of sandy limestones (thickness 60-80 m). Here Early Callovian:
Dolikephalites subcompressus (Waag.), Macrocephalites ex gr. rotundus (Quenst.), M. canizarroi (Gemm.),
M.madagascariensis Lem., Indocephalites caucasicus (Djan.), Pleurocephalites tumidus (Rein.),
Kamptokephalites lamellosus (Sow.), K. colchicus (Djan.), Kheraiceras (Kheraiceras) bullatus (d'Orb.),
Cutchisphictes cf. altiplicatus (Waag.), Choffatia (Subgrossouvria) recuperoi (Gemm.), Homoeoplanulites
(Homoeoplanulites) balinensis (Neum.), H. (#A.) furculus (Neum.), H. (Parachoffatia) funatus (Opp.),
Indospinctes (Indosphinctes) pseudopatina (Par.et Bonar.), I. (I) choffati (Par.et Bonar.), I. (I) urbanus
Spath., Flabellisphinctes (Flabellisphinctes) villanyensis (Till), Hecticoceras (Hecticoceras) ex gr. hecticus
(Rein.), and also Mid-Callovian ammonites: Binatisphinctes (Okaites) rossica (Siem.), Lunuloceras
(Lunuloceras) compressus (Quenst.) and innumerable bivalves are found. At Lower Reshevie river in gray
weakly carbonate siltstones Early Callovian dinoflagellates:Caddasphaerahalosa Fent. et al., Lithodinia
bathonica Conway, Meiourogonyaulax callomonii Sarj., Cleistosphaeridium varispinosun Wool. et Rid.,
Adnatosphaeridium caulleryi Will. et Dow., Chlamydophorella sp., Chythroeisphaeridia chytroeides Dow.
et Saej., Ctenidodinium ornatum Defland typical for this stage foraminifers are met (Topchishvili et al.,
2006).

Within Southern wing of Bzyb’ anticline on the right bank of Bzyb’ river along the highway the following
section is exposed (Topchishvili et al., 2006).
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Figure CS5B. Gorge of Bzyb' river. Jskm. Limestones make up vertical cliffs. A unit

of re-crystallized limestones can be observed. Horizons of bituminous limestones can
be seen. Calcitic lodes cut the bituminisation. Bituminisation is secondary but before

the stage of deformation (Nikishin A.M.. Lavristchev V.A.. Bolotov S.N.. Nikul’shin
A.S. — oral report
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Member 1. J;0, Whitish-gray brittle thin bedded limestones (15 m). Probably on the same level in tract
Djirkhva Alveosepta cf. jaccardi (Schr.) was found.

Member 2. J;0, Alternation of gray hard medium- and thin-bedded limestones with thick-bedded limestones
and sandy limestones (13 m). At the upper part sandstones beds appear.

Member 3. J;0, Grayish-white sometimes pinkish medium- and thin-bedded hard crystalline and sandy
limestones (30 m).

Member 4. J;0, Grayish, medium-bedded very hard pelitomorphic limestones (2 m).

Member 5. J;0, Grayish-pink medium- and thick-bedded hard crystalline sandy limestones (15 m). Probably
here Pseudomelania heddinctonensis (d'Orb.), Lopha solitaria (Sow.), Plesiodiceras uzuntachi Peel. were
found.

Member 6. J;0,—km Light gray massive reef limestones with Calamophylliopsis flabellum (Mich.) (40-50
m) (Topchishvili et al., 2006).

At the Lower Gega River near karst waterfalls thick-bedded and massive crystalline organogenous sometimes
brecciated limestones are exposed (150-160 m) with Middle and Late Oxfordian microfauna:
Pseudocyclammina cf. lituus Yok., Planularia cf. laminosa Schw. and Spirillina cf. kuebleri Mjatl. Also late
Oxfordian corals Dimorphastraea lamellosa Sol. and Aplosmilia semisulcata (Mich.) are met (Topchishvili et
al., 2006).

Typical section of Kimmeridgian is located within Southern wing of Bzyb® anticline in the Gorge of Bzyb’
river in the tract Djirkhva (Topchishvili et al., 2006).

Member 1. J;km. Alternation of limestones, marly and sandy limestones and marls with thin beds of bluish-
gray clays with Avicula gessneri Thurm., Paralle-
lodon rhomboidale (Contej.), Lucina plebeja Contej., Cardium colineum Buv., Plagiostoma tumida (Roem.).
Thickness — 100 m.
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Member 2. J;km. Alternation of marly limestones, marls and dolomites with clayey sandstones and
conglomerates (150 m).

Member 3. J;km. Bedded dolomitized and sandy limestones. From this member but in the valley of Khipsta
river Hinnites cornuelli Lor., Gervillia tetragona
Roem., Trigonia spinifera (d'Orb.), Arcomytilus pectinatus (d'Orb.) Thickness — 200 m.

Member 4. J;km. Gray and brown bituminous limestones. In the core of wells from Blaburkhva village from
this member Chlamys subtextorius Munst., Hinnites inaequistriatus (\Voltz.), Exogyra virgula (Defr.) were
determined. Thickness — 200 m (Topchishvili et al., 2006).

To the North at the Lower Gega river above well characterized by fossils upper Oxfordian thick bedded and
massive organogenous limestones a member without determinable fossils of medium- and thick-bedded,
weakly bituminous sometimes dolomitic limestones of 100 m thick of probably Kimmeridgian age is exposed
(Topchishvili et al., 2006).

Probably Kimmeridgian part of the section can be observed at the Bzyb' and Gega junction area (Fig. CS5B—
D). Here clastic facies of reef apron occur (Nikishin A.M., Lavristchev V.A., Bolotov S.N., Nikul’shin A.S. —
oral report) .

At the Lower Gega river near the karst waterfalls Kimmeridgian weakly bituminous dolomitized limestones
are overlaided by member of marls, marly limestones and sugar-like dolomitized limestones with chert
concretions (150-160 m). At the upper part Tithonian bivalves and brachiopods Rhynchonella asteriana Orb.,
Chlamys arotoplica Gemm., C.quenstedti Blake, Diceras speciosos Munst., D. staszicii Zeusch. occur
(Topchishvili et al., 2006).
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Flee CS5C. On the fresh clnp can be seen that limestones are dark and bituminous.
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Figure CS5D. Member of non-bituminous limestones.
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Interpretation - Shallow-marine environment.
Structure: Unit is folded, tectonically imbricated and is broken by overthrusts.

Regional significance: This validation point is located within the Dzhirvkhva-Akhibokh(skaya) zone
(see Fig. 3.5)

Petroleum systems information is given in §6, Table 1
Interpretation - Shallow-marine environmen

Structure: Unit is folded, tectonically imbric

Regional significance: This validation point
(see Fig. 3.5)

Petroleum systems information is given in




Locality 6: tributary of the
Goluboye (“Blue”) Lake,
Avadkhara region, Abkhazia
Position: 43.21.03.6 N,
40.24.40.3 E

Age: Upper Jurassic —
Neocomian (?)

Sedimentology:
Description) — At the
Northern wing of Bzyb’
anticline near Goluboye
("Blue") Lake Tithonian
carbonate rocks (Fig.
CS6A-F) building steep
cliffs of Bzyb’ Gorge. At the
lower part they are
presented mainly by bedded
dolomite and crystalline
limestones (180 m). Upper
part of the section is built
from gray bituminous
sometimes bedded breccia-
like limestones (30 m)
(Topchishvili et al., 2006).
Some part of the section can
coincide to Neocomian Figure CS6A. A view to Goluboye ("Blue") Lake. A steep slope comprised by
Kimmeridgian limestones can be seen.
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(Nikishin A.M., Lavristchev V.A., Bolotov S.N.,
Nikul’shin A.S. — oral report). In the point a body of
the reef massif is exposed.

Interpretation - Shallow-marine environment.

Structure: Unit is folded, tectonically imbricated
and is broken by overthrusts.

Regional significance: This validation point is
located within the Dzhirvkhva-Akhibokh(skaya) zone
(see Fig. 3.5)

Petroleum systems information: No data V.A.,
Bolotov S.N., Nikul’shin A.S. — oral report). In the
point a body of the reef massif is exposed.

Fizure CS6B. A unit of massive and bedded carbonates. Limastones are to a different
extent bituminous.
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Figure CS6D. Fresh chip of the bitummous limestone
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Locality 7: Bzyb’ river, Avadkhara
region, Abkhazia

Position: 43.20.43.4 N, 40.24.45.6 E
Age: Upper Jurassic

Sedimentology:

Description (Nikishin A.M., Lavristchev
V.A., Bolotov S.N., Nikul’shin A.S. —
oral report) — In the point a slide
limestone body is exposed (Fig. CS7A).
Geological setting is analogous to point
number 5.

Interpretation - Shallow-marine
environment.

Structure: Unit is tectonically
imbricated and is broken by overthrusts.

Regional significance: This validation
point is located within the Dzhirvkhva-
Akhibokh(skaya) zone (see Fig. 3.5)

Petroleum systems information:
Strongly poriferous limestone having a
distinct gas smell (Fig. CS7B). Other
additional data is given in §6, Table 1

CS7

Figure C S7B. Su%ngly ponferous limestons having a distnct gas

small
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Locality 8: old road near tunnel of new Adler —
Krasnaya Polyana highway, Adler region, Russia
Position: 43.35.38.4 N, 40.01.03.9 E

Age: Upper Jurassic

Sedimentology:

Description (Nikishin A.M., Lavristchev V.A.,
Bolotov S.N., Nikul’shin A.S. — oral report) — In
the point a body of reef is exposed. Point is
analogous to point no. 6. Unit of massive re-
crystallized limestones with badly determinable
corals can be seen (Figs. CSBA-B). Features of
bedding exist. Rocks are to a different extent
fissured.

Interpretation - Shallow-marine environment.

Structure: Unit is folded, tectonically imbricated
and is broken by overthrusts.

Regional significance: This validation point is
located within the barrier reef zone Akhcu-
Katsirkha (See Fig. 3.5)

Petroleum systems information: No data

Figure CS8A. General view to exposurs.
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2 . .
SB Massive re-crvstallized limestones 'w:l: oad.\ determinable corals
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Locality 9: Waterfall Devich’i Sleozy (“Girl’s
tears”), Adler — Krasnaya Polyana region, Russia
Position: 43.39.10.4 N, 40.09.10.5 E

Age: Tithonian — (?) Neocomian

Sedimentology:

Description (Nikishin A.M., Lavristchev V.A.,
Bolotov S.N., Nikul’shin A.S. — oral report) —
Agepstynskaya Fm. (lithological and
paleontological characteristics is given in §3). A
unit of argillite and turbiditic sandstone
alternation (Figs CS9A-E). Cleavage is found
within the unit. Turbiditic bedding and
mechanoglifs are typical for sandstones.

Interpretation — Deep-water environment.

Structure: Unit is folded, tectonically imbricated
and is broken by overthrusts.

Regional significance: This validation point is

located within the Novorossyisko-Lazarev(skaya) .
zone (See Fig. 3.5) Figure CSOA. View to waterfall.

Petroleum systems information: No data
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Figure CSCD. Sandstones within argillites.
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Locality 10: Zhovekvara River, Gagry region,
Abkhazia

Position: 43.19.55.9 N, 40.13.28.7 E

Age: Tithonian

Sedimentology:

Description (Nikishin A.M., Lavristchev V.A.,
Bolotov S.N., Nikul’shin A.S. — oral report) —
Unit of bituminous brecciated limestones with
small portions of solid bitumen inside empty
spaces and fissures of Asphalt Fm. (this Fm. is
absent in Jurassic of Caucasus, 1991). It presents
back-reef facies. Limestones do not demonstrate
bedding.

Interpretation - Shallow-marine environment.

Structure: Unit is folded, tectonically imbricated
and is broken by overthrusts.

=5
Figure CS10A. Breccmteu l.me stone

Regional significance: This validation point is
located within the Dzhirvkhva-Akhibokh(skaya)
zone (see Fig. 3.5)

Petroleum systems information is given in §6,
Table 1.
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Figure CS10C. Birumen fills fissures. Oil filled more late tectonic fissures and other
empty spaces

Figure CS10E. Vertical fissures filled by bitumen



Field trip. Validation points CS10

Figure CS10F. Spots of bitumen inside a rock.
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Locality 11: Zhovekvara River, Gagry region,
Abkhazia N
Position: 43.20.41.0 N, 40.14.10.7 E
Age: Tithonian

Sedimentology:

Description (Nikishin A.M., Lavristchev V.A.,
Bolotov S.N., Nikul’shin A.S. — oral report) —
Asphalt Fm. (this Fm. is absent in Jurassic of
Caucasus, 1991) presents back-reef facies. Unit
of bituminous brecciated limestones with small
portions of solid bitumen. Inside empty spaces
and fissures (Fig. CS11A-F). Limestones do not
demonstrate bedding.

Interpretation - Shallow-marine environment.

Structure: Unit is tectonically imbricated and is
broken by overthrusts.

. . L= . . ] . Figure CS11A. A view to 2 unit of dark brecciated bituminous limestones. Badding
Regional significance: This validation point is elements can be seen.

located within the Dzhirvkhva-Akhibokh(skaya)
zone (see Fig. 3.5)

Petroleum systems information is given in §6,
Table 1




Field trip. Validation points CS11

—

' - e 4
)

‘ ’ l. »
B r:
W~ :
" .ﬂ. IR - Y

- ,Q "
)

Figure CS11C. Small portions of bitumen filled fissures and empty spaces. Figure CS11E. Asphalt is surrounded by calcite
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Figure CS11F. Brecciated | nmestore> ﬁrsr.'- were :111-'\'1 v  Cakite and then b} asp1
(otl)
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Locality 12: Zhovekvara River, Gagry region,
Abkhazia

Position: 43.20.10.4 N, 40.13.37.4 E

Age: Tithonian — Neocomian (?)

Sedimentology:

Description (Nikishin A.M., Lavristchev V.A.,
Bolotov S.N., Nikul’shin A.S. — oral report) —
Asphalt Fm.

Unit of bituminous massive limestones with
features of bedding.

Interpretation - Shallow-marine environment
(back-reef facies).

Structure: Unit is tectonically imbricated and is
broken by overthrusts.

Regional significance: This validation point is Figure CS12A. View of outcrop
located within the Dzhirvkhva-Akhibokh(skaya)
zone (see Fig. 3.5)

Petroleum systems information is given in §6,
Table 1.




Field trip. Validation points CS12

-
&®S- = ‘

A

Figure CS12B. Fresh chip of the bituminous limestone.

Fizure CS12C. An assumed fissure Siling by o1l
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Locality 13: Kyapaz Mt., Khanlar region, Azerbaijan

Position (of Khanlar region centre determined by Google Earth): 40.34.59.04 N, 46.19.14.20 E

Age: Callovian—Oxfordian

Sedimentology:

Description (Abdulkasumzade, 1988) — Kyapaz(skaya) Fm. conformably covers Bathonian deposits and is
overlaided by Gulistan(skaya) Fm. Total thickness — 500 m.

Member 1. J,k, Gray, dark gray, fine- and coarse-grained carbonate sandstones with Lunuloceras (L.)
lunuloidea Kil., Velate bonjuri Lor., Bositira buchi (Roem.), Montlivaltia labechei Edw. et H. (29 m).
Member 2. J,k, Fine-grained tuff conglomerate (2 m).

Member 3. J,k; Alternation of greenish-gray fine-grained carbonate, clayey sandstones, clays with carbonate
tuff sandstones and tuff breccias with Pseudophylloceras kuderrnatschi (Hauer), Entolium vitreum Roem., E.
demissum (Phill.), Radulopecten fibrosus Sow., R. laurae (Etall.) (30 m).

Member 4. J,k, Coarse-grained tuff conglomerate (2 m).

Member 5. J,k, Alternation of coarse-grained tuff sandstones, fine-grained gray sandstones with greenish
tuffs. Thin gravelite and tuff breccia beds exist. Some coalificated plant remnants occur (15 m).

Member 6. J.k, Alternation of fine-grained tuff sandstones, clayey sandstones with tuff conglomerates with
Coelastarte incerta Pcel., badly preserved genuses Phylloceras and Hecticoceras, Grammatodon keiserlingi
(Orb.), Ctenostreon proboscideum (Sow.), Radulopecten subinaequicostatus (Kas.), R.. fibrosodichotomus
(Kas.) Velate bonjuri Lor., Astracolus polonica Wisn., Lenticulina pseudocrassa Mjatl., Ophtalmidium
arieniforme Buk.(16 m).

Member 7. J,k, Grayish-brown hard carbonate sandstones, coarse-grained tuff sandstones (12 m).

Member 8. J,k, Grayish-brown fine-grained sandstones with thin beds of hard sandy limestones with
Spondylopecten (P.) subspinosus (Schloth.), Pseudomelania aff. hedonia (Orb.), Hecticoceras sp., badly
preserved corals and crinoids (40 m).

Member 9. J.k, Alternation of gray, dark gray coarse-grained sandstones, tuff sandstones, tuff breccias (72
m).
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Member 10. J,ks Fine- and coarse-grained tuff sandstones, dark gray, brown argillites with ptychophylioceras

euphyllum (Naum.), Entolium spathulatum Lor., E. demissum (Phill.), Chlamus episcopalis Lor., Spondylopecten (P.) subspinosus (Schloth.), Plagiostoma subrigidula
(Schlip.), Pseudolimea duplicata (Sow.), Ctenostreon pectiniforme (Schloth.), Planularia foliacea Schloth., P. tricostata Mjatl., Lenticulina tumida Mijatl., Lenticulina uhligi

Wisn. (70 m).

At Khatunbulag Gorge (NE slope of Kyapaz Mt.) from the lower part of the section Lower Callovian fauna

was collected: choffatia aff. radashensis Djan., Ch. cf. choffat Par. Ch. recouperoi Gemm., radashensis (Djan.), Calliphylloceras demidoffi (Rouss.). 60 m higher
from described interval Pseudolimea duplicata (Sow.), Plagiostoma subrigidula (Schlip.), Montlivaltia cf. gregoryi Abl. and others occur.

Member 11. J,0, Alternation hard, fine- and coarse-grained sandstones. Few sandy limestones exists with
Entolium cingulatum Goldf., Radulopecten laurae (Etall.), Tretospira abichi Neum. and others (100 m).

Member 12. J,0, Alternation of gray tuff siltstones, fine- and coarse-grained tuff sandstones with thin beds
of hard sandstones. At the upper part 3 conglomerate beds occur. At tuff sandstones camptonectes (C.) bauchi Roem., C.
(C.) virdunensis (Buv.), Heligmus aff. polyptyhus Declon, Modiola aff. tulipaeai Lam., Pleuromytilus perplicatus perplicatus Thum. and single corals were collected (40
m).

Member 13. J,0, Alternation of gray tuff siltstones, fine- and coarse-grained tuff sandstones with thin beds
of ferruginous sandstones. At tuff siltstones plant remnants are met (38 m) (Abdulkasumzade, 1988).

From Lower Oxfordian interval of section corresponding to beds With “ceratolamarckina” speciosa— Lenticulina bruecktnanni

foraminiferal complex including: Marssonella jurassica Mitjan., Lenticulina brueckmanni (Mjatl.), L. compressaeformis (Paalz.), L. samaraensis Mjatl., L. aequilateralis
(Kubl. et Zw.), L. quenstedti (Gumb.), L. russiensis (Mjatl.), “Ceratolamarckina’ speciosa (Dain), Pseudolamarckina rjasanensis (Uh1ig), Trocholina iransversarii Paalz,
Globuligerina oxfordiana (Grig.) and some others was establish. Rare foraminifers are irregularly distributed along the section. Typical species: Marssonella jurassica,
Lenticulina brueckmanni, L. quensiedli, ““Ceratolamarckina’ speciosa, Trocholina transversarii, Globuligerina oxfordiana.

Lower boundary of beds is marked by appearence of Lenticulina brueckmanni and Globuligerina oxfordiana
— at this level typical Late Callovian species Lenticulina tumida, Epistomina elschankaensis and others
dissapear (Practice, 1991).
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Then sequence demonstrates exposure of Gulistan(skaya) Fm., corresponding to Middle
Oxfordian—Lower Kimmeridgian (Abdulkasumzade, 1988):

Member 14. J,0, s White and light gray fine-grained crystalline limestones with
Radulopecten (F.) buvigneri (Desh.), Chlamys viminea (Sow.), Spondylopecten (S.) erinaceus
(Buv.), Diceras subbourgeati Pchel. (70 m).

Member 15. J,0, 5 Pinkish-white fine-grained cherty-dolomitic limestones with badly
preserved corals (70 m).

Member 16. J,0, 5 Gray, yellowish-gray hard fine- and “dust”-grained dolomites (60 m).
Member 17. J,0, 5 Grayish-brown organogenous hard fine- and “dust”-grained limestones
(43 m).

Member 18. J,km,; Marblized sandy organogenous i
Cryptocoenia tabulata Koby, Stylina excelsa Etall.

Interpretation - Shallow-marine environment.
Structure: No data

Regional significance: This validation point is loc
Somkheto-Karabakh zone(see Fig. 3.5)

Petroleum systems information: No data
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Locality 14: Vicinity of Chanakhchi Village, right bank of
Shulaverchai River, Shulaveri region, Georgia

Position (determined by Google Earth): 41.14.16.10 N,
44.41.01.65E

Age: Oxfordian—Kimmeridgian

Description — Oxfordian deposits are established conventionally
(Toptishvili et al., 2006, Fig. CS14A) by correlation with
neighbor regions.

Member 1. J;0. Loose weathered thick-bedded sandstones (15
m).

Member 2. J;0. Medium- and thick-bedded limestones with
abundant chert lenses (30 m).

Member 3. J;0. Sandstones and gravelites with 2 beds of red
conglomerates with rare pebble (40 m).

nakhch (leff) and Teopi Aboye graveIiFes and sandstones are exposed which are with
erosion overlaid by basal conglomerate of Upper Cretaceous

Figure 14CSA. Sections of Honm
Late Jurassic deposits (Top-
chishvili et al., 2006) of
Lesser Caucasus (Lokhsko-
Karabakh(skaya) zone): Chi-

(right). For the Legend — see

Fig. 5CSA. ' deposits.
= o On the North of Lokhsko-Karabakh(skaya) zone to the East from
Lokh(skyi) addendum below Cenomanian deposits Upper

Jurassic—Lower Cretaceous rocks occur. The most complete
section can be seen near Eastern end of Tcopi village:

Member 1. J;km-tt. Light gray siltstones and diabases (26 m).
Member 2. J;km-tt. Gray carbonate tuffite with thin beds (up to
0.4 m) of crystalloclastic tuff of purple color with molluscs:
Ptygmatis submirabilis Pcel and Cryptoplocus (Conoplocus)
subpiramydalis (Muenst) 20 m.

PIE-E
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Member 3. J;km-br (?). Alternation of weakly colored gray
medium-size clasted tuffs, tuff sandstones and tuff breccias with
rare beds of sandy and marly limestones. Member contains
Kimmeridgian — Berriasian association of foraminifers:
Pseudocyclaminna ex. gr. lituus (Yok.), P. ex. gr. sphaeroidalis
Hott., Everticyclaminna ex. gr. virguliana (Koechl.), Nautiloculina
ex. gr. oolithica Mohl. (120 m).

Last member probably also includes Lower Berriasian because the

overlaying volcanic-carbonate deposits are dated by foraminifers as
Late Berriasian—Early Valanginian. To the West from Tcopi Village
to Khojorii village at the base of marbleized and marly li
the typical Kimmeridgian complex of foraminifers occu
Alveosepta jaccardi (Schr.), Mesoendothyra cf. izjumia

Pseudocyclammina cf. lituus (Yok.), Torinosuella cf.
peneropliformis (Yabe et hanz.), Nautilocilina cf. oolithi
Trocholina cf. elongata (Leup.) and others. Nearly anal
complex present in NE Armenia along the left side of g
Agetev River inside volcanic-sedimentary deposits incl
limestone beds. This fact prove the idea that during late
nearly within whole Lokhsko-Karabakh(skaya) zone a u
biofacial regime of sedimentation existed.
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Locality 15: Korta Village, Ambrolauri region, Georgia
Position (approximately determined by Google Earth): 42.45. N, 41.30. E
Age: Callovian—Kimmeridgian

Sedimentology:

Description — Brown shale-like clays more than 100 m thick of probably Bathonian
age are overlaid by (Topchishvili et al., 2006):

Member 1. J,k; Greenish-gray sandy clays and clayey sandstones with carbonate

concretions and following fossils: Macrocephalites macrocephalus (Schloth.), M.canizarroi Gemm.,

Indocephalites caucasicus (Djan.), Dolikephalites subcompressus (Waag.), Pleurocephalites tumidus (Rein.), P. subtumidus (Waag.),
P. pila (Nik.), Kamptokephalites lamellosus(Sow.), K. subtrapezinus (Waag.), K. colchicus (Djan.), Kepplerites (Gowericeras)

gowerianus (Sow.), Choffatia (Subgrossouvria) recuperoi (Gemm.) Quantity of sandstones gradually
increases in the upper part of member. Thickness — 150—200 m (Fig. 15CSA).
Member 2. J,k, ;—J50,_, Yellowish-gray carbonate sandstones with thin marl beds
(“Korta beds”). Thickness — 35—40 m (Fig. 15CSA-B).

1 501=-12

At the base Middle Callovian Putealiceras (Putealiceras) cf. svevum (Bonar.), P.(P.)
metomphalum acuticosta (Tsyt.), P. (Zieteniceras) evolutum (Lee), Lunuloceras
(Lunuloceras) lunula (Rein.) were met. Higher Peltoceras athleta (Phill.),
Euaspidoceras ferrugineus Jean and innumerous Phylloceratinae cephalopods occur.
“Korta beds” are characterized by Late Callovian, Early and Middle Oxfordian

ammonites: Quenstedtoceras lamberti (Sow.), Q. henrici Douv., Kosmoceras (Gulielmiceras) cf. proniae Teiss., Lunuloceres
(Lunuloceras.) fallax Zeiss., L. (Sublunuloceras). cf. dynastes (Waag.), L. (S.) spathi Djan., Putealiceras (Putealiceras) cf. bisulcatum
(Spath), P.(Zieteniceras) cf. couffoni (Douv.), Passendorferia (Passendorferia) chirchonensis (Djan.),

LRI

Figure CS15A. Section near Korta
village (Topchishvili, 2006). For the

Legend — see Fig. SCSA
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Distichoceras bipartitum (Ziet.), Larcheria ex gr. schilli (Opp.), Properisphictes cf. bernensis (Lor.),
Euaspidoceras hirsutum (Bayle), E. aff. babeanum (d'Orb.), E. ferrugineus Jeann., E. faustum (Bayle), E.

Figlll"E‘-. CS15B.  Correlation cf. perarmatum (Sow.), and also foraminifers and dinoflagellates: Ctenidodinium ornatum Defl.,
scheme of sections Cesi village T Sentusidinium rioultii Sarj. et Stov., s. sp. Thus, “Korta beds” contain J,K, ;—
(left). Korta village (middle) et J,0,., fossils.

and Ribisa (right) (Topchishvili, I Member 3. J;0,; Breccia-like carbonate sandstones and sandy
2006). For the Legend — see Fig. limestones (2025 m).

SCSA X Ml Member 4. J;0,, Carbonate sandstones and hard dolomites with
rudists (Diceras sp.). Thickness 30 m.

Member 5. J;0,, Bedded sandy limestones with corals, crinoids
and sea urchins (11-15 m).

Member 6. J;0,—km Massive brecciated reef limestones (50 m).
Members 3-5 contains Middle and Upper Oxfordian

foraminifers: astacolus cf. lusidisepta (Kapt.), A. cf. varians (Born.), Lenticulina cf.
brueckmanni (Mjatl.), L.cf. tumida Mjatl., L.cf. erassa (Roem.), L. cf. polonica (Wisn.), L.cf.uhligi
(Wisn.), Planularia cf. colligata (Brueckm.), "Ceratolamarckina" cf. subspeciosa (Bogd.et Mak.),

Trocholina cf. transversarii Paalz. Mlember 5 Is characterized by Middle and

Late Oxfordian corals: montlivaltia elongata Edw., M. truncata (Def.), and also Astarte
nummus Sauv, Ostrea ogeriana Lor. And Late Oxfordian Paracidaris florigemma Phill., Rabdocidaris
orbinyi Des., Diplocidaris gigantes Ag., Plagiocidaris elegans Goldf. Member 6 contains rich Late
Oxfordian and Kimmeridgian coral complex: Dimorpharaea lineata (Eichw.), Calamophylliopsis
etalloni Koby, C.flabellum (Mich.), Isastraea helianthoides (Goldf.), l.minima (Koby), Stylina tubulifera
Phil., S. tenax Etall, Heliocoenia aff. costulata Koby (Toptishvili et al., 2006).

Upper Oxfordian coincides to beds with Alveosepta jaccardi —
Nautiloculina ootithica (= zone Haplophragmium
coprolilhiforme sequanum — Nautiloculina oolithica = zone
Alveosepta jaccardi — Epistomina nemunensis.
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Lectostratotype — reef brecciated limestones (thickness — 40 m according to Practice..., 1991).
Foraminiferal complex in the stratotype: Alveosepta jaccardi (Schrodt), Everticyclammina virguliana
(Koechl.), Haplophragmium coprolithiforme sequanum (Moh1.), Nautiloculina oolithica Moh1.,
Lenticulina russiensis (Mjatl.), “Ceratolamarckina” subspeciosa (Bogd. et Mak.), Epistomina
nemunensis Grig., Conicospirillina basiliensis Mohl., C. polessica Mitjan., Spirillina kuebleri Mjatl.,
Trocholina transversarii Paalz. Foraminifers are rare. Discovered 30 species (15 genus), mainly
Lituolids and Ataxofragmiids, to lesser extent — Miliolids and Nodosariids.

Typical species: Alveosepta jaccardi, Everticyclammina virguliana, Haplophragmium coprolithiforme
sequanum, Nautiloculina oolithica.

Lower boundary of beds is detected by appearance of Everticyclammina virguliana, Nautiloculina
oolithica, Conicospirillina basiliensis and epibol Alveosepta jaccardi; upper — by disappearance of
“Ceratolamarckina’ subspeciosa and some others.
Middle Oxfordian—Tithonian in Racha area (validati
Fm. (Topchishvili et al., 2006)

Interpretation - Shallow-marine environment.

Structure: No data

Regional significance: This validation point is locat
Fig. 3.5)

Petroleum systems information: No data
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Locality 16: Vicinity of Cesi (Cessi) Village, Ambrolauri region, Georgia

Position (determined by Google Earth): 42.31.26.58 N, 43.09.02.77 E
Age: Callovian—Kimmeridgian

¥ bW
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Sedimentology:

Description — Rioni Gorge, Cesi village (section 1) J,k,. Bajocian porphyrite Fm. with
erosion and basal beds are overlaid by sands and clays with carbonate buildings that earlier
were consider to be Callovian. Later on the left bank of Rioni river in carbonates
ammonites Oecotraustes (Pseudoecotraustes) bifurcus Khim. et Steph. and Hemigarantia
julii (d'Orb.) were found. Last species Upper Bathonian zone of Mediterranean province.
Then following rocks are exposed (Toptishvili et al., 2006).

Member 1. Jk;. Greenish-gray, brown, thik bedded, hard sandstones with
Macrocephalites macrocephalus (Schloth.) and other undeterminable remnants of
Macrocephalitidae (30 m, Fig. CS16A).
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Member 2. J,k,. Brown carbonate sandstones and greenish clays with Hecticoceras
(Hecticoceras) hecticum (Pratt.). Visual thickness — 4 m.

Figure CS16A. Section 1 near Cest
village (Topchishvili, 2006). For the
Legend — see Fig. 5CSA
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Member 3. J,k;. Alternation of gray shale-like clays and clayey sandstones with thin beds of sandy

limestones with Macrocephalites formosus (Sow.), M. canizarroi (Gemm.), M. cf. rotundus (Quenst.), M. madagascariensis Lem., M. compressus (Quenst.),
Pleurocephalites tumidus (Rein.), Kamptokephalites lamellosus (Sow.), K. colchicus (Djan.), K. subtrapezinus (Waag.), Indocephalites cf. chrysoolithicus (Waag.), I.
caucasicus (Djan.), Dolikephalites subcompressus (Waag.), Cadoceras (Cadoceras) elatmae (Nik.), C. (C.) modiolare (d'Orb.), Choffatia (Chojfatia) radshense (Djan.),
C.(C.) frequens (Opp.), C.(Grossouvria) subtilis (Neum.), C.(G.) evolutus (Neum.), C.(Subgrossouvria) tsessiense (Djan.), C. (S.) recuperoi (Gemm.), Indosphinctes
(Indosphinctes) pseudopatina (Par. et Bonar.), | (I.) choffati (Par. et Bonar.), I (I.) cf. peregrinus Spath, Flabellisphinctes (Flabellia) kakhadzei Khim., Hecticoceras
(Hecticoceras) hecticum (Prat.), Kepplerites (Kepplerites) keppleri (Opp.), K.(Gowericeras) gowerianus (Sow.), Lissoceras minimum Djan., Adabofoloceras faddeni
(Waag.), Hibolites semihastatus (Blain.) and others. Dinoflaggelates: Cleistosphaeridium varispinosum Wool, et Rid., Compositosphaeridium polonicum Erk. et Sarj.,

Valensiella ovula Eisen., Pareodinia cearatophora Delf., Meiourogonyaulax sp., Chytroeisphaeridia chytroeides Dow. et Arj. Thickness — 60 m.

Member 4. J.k, ;-J;0, Brown carbonate and sandy clays transiting into gray clayey sandstones. At the

lower part of the member Homoeoplanulites (Parachojfatia) funatus (Opp.), Choffatia (Chojfatia) prorsocostata (Siem.), Adabofoloceras viator (d'Orb.)
were found. Above typical for Middle Callovian forms Lunuloceras (Lunuloceras) compresus (Quenst.), L. (L.) pavlovi (Tsyt.), Putealiceras (Putealiceras) metomphalum
(Bonar.) were met. At the top of the member Late Callovian—Early Oxfordian Lunuloceras (Sublunuloceras) georgica Khim and also Oxfordian Trigonia perculata Ag., T.

clavellaculata Park., T. reticulata Ag., Pholadomya lineata Goldf., Astarte ovata Phill., Lucina lirata Phill., Mytilus ungulatus Young et Bird and others occured.

Thickness is 60 m (Toptishvili et al., 2006).
Next part of the sequence is exposed at another place (Section 2).

In the middle of Cesi settlement along the highway and also to the SE along right bank of Rioni river
(Section 2, Fig CS15B) greenish-gray thin-bedded soft carbonate sandstones (30 m, upper part coincides to
Lower Oxfordian) are overlaided by following section (Toptishvili et al., 2006):

Member 1. J;0, Yellowish-brown medium- and coarse-grained carbonate sandstones (3540 m) with

Oxfordian corals: Cryptocoenia bernensis (Etall.), C. cartieri Koby, Latimeandra goldfussi Koby, Montlivaltia subdispear From. Here middle Oxfordian
foraminifers: Labalina microcostata Dan., Astacolus folium (Wisn.), Lenticulina compressaeformis (Paalz.), Planuraia feifeli Paalz:; Vaginulina pasquetae Biz.,

"Ceratolamarckina" subspeciosa (Bogd. et Mak.), Trocholina tranversarii Paalz.occur. Then — 10-15 m of unexposed part.
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Member 2. J;0;, Weakly colored carbonate sandy clays with thin beds, lenses and concretions of
organogenous limestones with plant remnants (75-80 m) and Late Oxfordian foraminifers Lenticulina
gerassimovi Umansk., L. russiensis (Mjatl.), Epistomina nemunensis Grig., E. praetatariensis Umansk. and
others (Toptishvili et al., 2006). These deposits coinciding to beds with Lenticulina russiensis — Epistomina
nemunensis present part of the poly-colored Fm. formed in the back-reef basin (Practice..., 1991).

Foraminiferal Complex in the stratotype (Member 2. J303): Lenticulina brueckmanni (Mjall.), L. gerassimovi Umansk., L. kuznetsovae

Umansk., L. polonica polonica (Wisn.), L. quenstedti (Gtimb.), L. russiensis (Mjal.), Saracenaria aff. pravoslavlevi Furss. et Pol., S. prolala K-Kuzn., Epistomina
nemunensis Grig., E. parastelligera (Hofk.), E. praelatariensis (Umansk.), E. stellicostata Biel. et Pozar., E. uhligi Mjall., Pseudoiamarckina pseudorjasanensis Dain and

others. Many shells of foraminifers. 30 species (9 genus) were found.

Typical species: Lenticulina gerassimovi, L. kuznetsovae, L. russiensis, Epistomina nemunensis, E.
praetatariensis.

Lower boundary of beds coincides to appearance of typical species, upper — by disappearance of Epistomina
nemunensis, E. uhligi, Conicospirillina polessica, Planularia alberti. Association is renewed more than in
1/3 part (38 %) in comparison with Middle Oxfordian one.

In the stratotype area also were found: Astacolus suprajurassicus (Schwag.), Lenticulina crassa (Roem.), L.
subgaleata (Wisn.), Planularia alberti (Schwag.), Saracenaria cornucopiae (Schwag.), Trocholina nodulosa
Seib., Conicospirillina polessica Mitjan. and others (Practice..., 1991).

Next part of the sequence is exposed at another place (Section 3).

Section 3. Vicinity of Cesi and Mukhli (42.32.54.02 N, 43.14.03.47 E, determined by Google Earth) villages
(Practice..., 1991, Fig. CS15B).

Member 1. J;km-tt; Poly-colored gypsum and anhydrites with thin beds of gypsum-bearing clays (upper part
of lagoon-continental polycolored Fm.) coincides to beds with Charentia compressa — Mesoendothyra sp. (=
beds with Guttulina dogieli; = beds with Lituola compressa — Trocholina elongata). Thickness — 45 m.
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Foraminiferal complex in the stratotype: Charentia compressa (Cushm. et Glaz.), Mesoendothyra sp.,
Trochammina cf. inflata Mont., Eoguttulina cf. metensis (Terq.), E. cf. oolithica (Terq.), Globulina sp., non
determined Miliolids and others. Foraminifers are sporadically distributed and badly preserved. Typical
species: Charentia compressa, Mesoendothyra sp.

Member 2. J;tt, ; At the left bank of Rioni river within Cesi village greenish-gray sandy limestones,
alternation of brownish sandstones, dark-gray sandy clays, sandy-marly and dolomitized limestones,
pinkish clayey marls, light gray sandy, marly and dolomitized limestones (upper part of lagoon-continental
poly-colored Fm.) coinciding to beds with Feurtillia frequens—Trocholina elongata (= beds with
Feurtilia frequens—Pseudocydammina parvula; beds with Quinqueloculina mitchurini and
Pseudocydammina parvula = beds with Quingueloculina verbizhiensis and Trocholina elongata are
exposed. Thickness — 20 m.

Foraminiferal complex in the typical section: Feurtillia frequens Maync, Pseudocyclammina parvula Hott., P. sulaiyana Redm.,
Everticyclammina virguliana (Koechl.), Pfenderina “neocomiensis” (Pfend.), Lenticulina muensteri (Roem.), Epistomina caracolla (Roem.). Foraminifers
locally make a big accumulations. Lituolids comprise 98 % of association.

Typlcal species: Anchispirocyclina lusilanica, A. maynci, Everticyclammina virguliana, Feurtillia frequens, Pseudocyclammina parvula, Trocholina alpina, T.
elongata.

Lower boundary of beds is detected by appearance of Bramkampella arabica, Feurtillia frequens, Melathrokerion spirialis,
Pseudocyclammina sulaiyana, upper — by disappearance Anchispirocyclina maynci, Pseudocyclammina ex gr. parvulamuluchensis, Rectocyclammina arrabi-densis. In
the stratotypic region association is renewed up to 1/3 in comparison with Kimmeridgian — Lower
Tithonian.

Within area of distribution of these beds the following association is determined: Species from stratotype,

Anchispirocyclina lusitanica (Egg.), A. maynci (Hott.), Bramkampella arabica Redm., Melathrokerion spirialis Gorb., Pseudocyclammina ex gr. parvula-muluchensis
Hott., Rectocyclammina arrabidensis Ram., R. chouberti Hott., Lenticulina makarjevae E. Ivan., Trocholina alpina (Leup.), T. elongata (Leup:)
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Interpretation - Shallow-marine and lagoon environment.

Structure: No data

Regional significance: This validation point is located within the
Tkvarcheli-Okrib(skaya) zone (see Fig. 3.5)

Petroleum systems information: No data
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ey
Sedimentology:
Description — At the Northern slope of Ribisa Mt. (2469 m). Callovian clayey sandstones and sandy clays
are overlaided by following sequence (Toptishvili et al., 2006, Fig. CS15B).
Member 1. J;0, Fine grained greenish gray carbonate sandstones with ammonite Neoprionoceras
delmontanus (Opp.) from cordatum zone. At the top — of brownish-violet colour. Thickness — 15-18 m.
Member 2. J;0, Dark gray thin bedded weakly dolomitized limestones with Mid-Oxfordian genus
Everticyclammina Redm., appeared at Mid-Oxfordian time (18—22 m).
Member 3. J;0,.5—km; Light gray thin-bedded massive limestones with marl beds, in the lower part with
sandy limestones (75-80 m). At the lower part of this member but near Djavistavi village ammonites

Taramelliceras aff. flexuosus (Munst.) and Euaspidoceras cf. eucyphus (Opp.). of Middle Oxforsian transversarium zone were met. Above this level Late Oxfordian corals

Locality 17: Northern slope of Ribisa Mt., Ambrolauri region, Georgia
Position (approximately determined by Google Earth): 42.45. N, 41.30. E Age: Ox
Kimmeridgian

(Djavistavi section) Stylosmilia michelini Edw. et Haime, Stylina sexradiata (Goldf.), Cryptocoenia decipiens (Etall.), Ptychochaetetes globosus Koechl. And at the
tOp of member Kimmeridgian Stylosmilia suevica Beck., Stylina sexradiata (Goldf.), Diplocoenia coespitosa (Etal.), Calamophylliopsis etalloni (Koby)
occurred.

Member 4. J;km, , Alternation of thick- and thin-bedded marly limestones with rich Kimmeridgian

ammonite fauna: Calliphylloceras praeposterius (Gemm.), C. aff. beneckei (Zitt.), Lytoceras orsinii (Gemm.), Streblites cf. frotho (Opp.), ldoceras
allobrogicus (Pillet.), I. malletianus (Font.), I. balderum (Opp.), I. cf. durangense (Burckh.), Taramelliceras cf. holbeini (Opp.), T. cf. rigidum (\Wegele), Nebrodites
hospes (Neum.), N. heimi (Favre), N. rhodanensis Ziegl., Progeronia sp., Orthosphinctes cf. polygyratus (Rein.) and others. Here also foraminifers Alveosepta jaccardi
(Schr.), A. personata (Tobl.), Mesoendothyra cf. izjumiana Dain, Pseudocyclammina lituus (Yok.), Haplophragmium coprolithiformis sequanum Mohl:; H. cf. lutzei
Hanzl., Quenqueloculina cf. semisphaeroidalis Dan., Q. cf. tersa Dan. are met. Thickness — 160-170 m (Topchishvili et al., 2006).

Lower Kimmeridgian corresponds to Alveosepla personata — Torinosuella peneropliformis zone that is
presented by reef brecciated limestone and marl unit (490 m thick) (Practice.., 1991). Possibly authors
(Practice.., 1991) mean whole section (members 3—8? according to Topchishvili et al., 2006 — comm. R.R.
Gabdullin).
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Foraminiferal Complex in the stratotype: Alveosepta jaccardi (Schrodt), A. personata (Tob1.), Everticyclammina virguliana (Koschl.),

Mesoendothyra izjumiana Dain, Pseudocyclammina lituus (Yoxk.), Haplophragmium coprolithiforme sequanum (Mohl.), H. lutzei Hanzl., Kurnubia palastiniensis Hens.,
Pfenderina “neocomiensis” (Pfend.), Nautlloculina oolithica Mohl., Quinqueloculina semisphaeroidalis Dan., Lenticulina russiensis (Mjatl.), L. subalata (Reuss),

Conicospirillina basiliensis Mohl., Trocholina elongata (Leup.), Protopeneroplis striata Weynsch. Usually foraminifers are rarely distributed
along the section but sometimes make mass groups. The quantity of agglutinated benthos is 85 %
(Lituolids prevail), secretional is presented mainly by Lenticulinids, Fisherinids, Miliolids and Spirillinids.

Typlcal species: Alveosepta jaccardi, A. personata, Mesoendothyra izjumiana, Pseudocyclammina lituus, Torinosuella peneropliformis, Nautiloculina oolithica,
Conicospirillina basiliensis.

Lower boundary of beds is detected by appearance of Alveosepla personata, Pseudocyclammina
sphaeroidalis, Torinosuella peneropliformis and row of some other species; at upper boundary index
species Alveosepta jaccardi, Haplophragmium coprolithiforme sequanum and some others disappear. In
the stratotypic region association of described zone is renewed in comparison with Upper Oxfordian up to
60 %.

Within zone In stratotype Haplophragmoides constrictum (Haeusl.), Pseudocyclammina sphaeroidalis Ho11., Torinosuella peneropliformis (Yabe et
Hanz.), Labirynthina mirabilis Weynsch., Trochammina rotundaia E. et I. Seib., Verneuilinoides minuta Said et Barak., Lenticulina crassa (Roem.), L. infravolgaensis
(Furss. et Pol.), L. quenstedli (Guemb.), Trocholina alpina (Leup.), T. iransversarii Paalz. are distributed (Practice.., 1991).

Member 5. J;km, Thick-bedded oolithic sandy limestones with Conicospirillina basiliensis Mohl.,
Protopeneroplis cf. striata (Weyn.) and others. Thickness — 15— 20 m.

Member 6. J;km, Light gray thin-bedded marls with rare thin beds of hard carbonate sandstones with
Rhactorhynchia corallina neocomiensis (Jac. Et Fall.) and also foraminifers Alveosepta jaccardi (Schr.),
Astacolus humilatus Putr., Lenticulina russiensis (Mjatl.), L. posttumida Dain. At the base ammonites
Paraberriasella cf. blondeti Donze and P. sp. were found. Thickess — 40-45 m.

Member 6. J;km, Dark gray on the surface brown thick-bedded oolithic limestones with foraminifers:
Alveosepta cf. jaccardi (Schr.), Everticyclammina cf. virguliana (Koechl.), Mesoendothyra cf. izjumiana
Dain, Pseudocyclammina cf. lituus (Yok.), Nautiloculina cf. oolithica Mohl., Conicospi rillina ct.
basiliensis Mohl., Trocholina cf. elongata (Leup.), Protopeneroplis cf. striata \Weyn. Thickness — 50-60
m.
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Member 7. J;km, Dark gray marly brecciated limestones rich in foraminifers: Alveosepta jaccardi
(Schr.), A. personata (Tobl.), A. powersi (Redm.), Evenicyclammina virguliana (Koechl.),
Pseudocyclammina cf. lituus (Yok.), Urgonina cf. forojuliensis Guv., Foury et Pign., Protopeneroplis cf.
striata Weyn. Thickness — 120 m (Toptishvili et al., 2006).

Section is continued near Alkhashend mountain pass.

Member 8. J;km, Violet marly limestones and marls with abundant thin beds of light gray marls. At
basal beds foraminifers Alveosepta jaccardi (Schr.), A. personata (Tobl.), Pseudacyclammina lituus
(Yok.) were found. Thickness — 75-80 m (Topchishvili et al., 2006).

Interpretation - Shallow-marine, probably lagoon(?) environment.
Structure: No data.

Regional significance: This validation point is lo
Fig. 3.5)

Petroleum systems information: No data
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Locality 18: Kalakend Village, Kedabeg region, Azerbaijan

Position (of Kedabeg region centre determined by Google Earth): 40.33.51.94 N, 45.47.21.54 E

Age: Callovian—Middle Oxfordian, Lower Kimmeridgian, Upper Tithonian

Sedimentology:

Description (Abdulkasumzade, 1988) — Kedabeg(skaya) Fm. (Callovian—Lower Oxfordian) coincides to
Members 1-3.

Member 1. J,k; Tuff sandstones, carbonate tuffs, tuff conglomerates, siltstones, argillites (161 m). No
deteterminable fossils.

Member 2. J,k, Carbonate tuffites, conglomerates, argillites, gravelites (175 m) with Holcophylloceras
signodianum (Orb.), Ptychophylloceras cf. hommarei (Orb.), Putealiceras (P.) metomphalum (Bon.), P. (P.)
puncatum punctatum (Stahl.), Grossouvria curvicosta (Opp.), Lunuloceras (L.) lunula (Rein.)

Member 3. J,k; Tuff sandstones, red carbonate tuffites with Pseudaganites cf. aganiticus (Schloth.), P. aff.
gravesianum (Orb.), Holcophylloceras mediterraneum (Neum.), Sowerbyceras protortisulcatum (Pomp.),
Sow. tietzei Till., Pseudophylloceras kunthi (Neum.), Oecoptychius refractus (Rein.), Lunuloceras
(Sublunuloceras) dynastes (Waag.), Peltoceras (P.) athleta (Phill.), Peltoceratoides athletoides (Lah.) (2 m)
Upper Callovian rocks with erosion are covered by Middle Oxfordian deposits of Kalakend(skaya) Fm
(Members 4-6).

Member 4. J,0,! Fine grained reddish brown basal conglomerate with pebble of cherty limestones, sandy
limestones, tuff sandstones cemented by carbonate tuffite and carbonate (2 m).

Member 5. J,0,! Organogenous-clastic, sandy, marbleized, pelitomorphic white limestones with
Perisphinctes plicatilis (Sow.), Euaspidoceras (E.) perarmatum (Sow.), Calliphylloceras mantredi (Opp.),
Sowerbyceras tortisulcatum (Orb.), Montlivaltia trunoata D., Rhipidogyra elegans Koby, Stylosmilia
michelini Edw. et. H.(20 m).

Member 6. J,0,2 Organogenous-clastic, sandy, marbleized, corallic white limestones with Gregoryceras
transversarium (Quenst.), Ochetoceras canaliculatum (Buch.) and coral limestones with Cryptocoenia
octosepta Etall., Calomophyliopsis flabellum M. (60 m)
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Within Kalakend syncline Oxfordian and Lower Kimmeridgian carbonate and sedimentary-tuff units are 220
m thick. At Dashkesan region Upper Oxfordian rocks are conformably overlaided by Lower Kimmeridgian
ones.

In a narrow stripe near the village Lower Kimmeridgian deposits are exposed.

Member 7. J,km, Organogenous-clastic bedded reddish-brown, gravelite-like limestones with 12 thin beds
of brecciated limestones (02—2 m) WIth Taramelliceras (Str.) exterrnodosum (Dorn.), Streblites plicodiscus (Waag.), Sutneria platynota (Rein.), S. (S.)
brachiri Berck., Ataxioceras (P.) pseudohomalinum Geuer, Physodoceras inflatus macrocephalus (Quenst.). 40 m.

Upper Kimmeridgian span of sequence can be observed at the next field validation point (No. 19,
G(K)onakhgermaz Mt.)

In Kedabeg region near Kalakend and Arysu villages Tithonian deposits (42 m) conformably cover Upper
Kimmeridgian and are presented by light-gray thin bedded organogenous-clastic and gravelite-like, cherty
limestones of Martuninskaya Fm. (Members 8-13). At Kalakend area following section of Upper Tithonian is
exposed.

Member 8. J;tt, Light-gray basal conglomerates with pebble of cherty limestones and carbonate sandstones
with Physodoceras inflatus macrocephalus (Quenst.), Taramelliceras (Str.) exterrnodosum (Dorn.) (1.5-2
m).

Member 9. J;tt, Alternation of clastic limestones with thin beds of conglomerates that facially transform into
gravelites (10.4 m). At the base gastropod Cryptoplocus succedens (Zitt.) was found.

Member 10. J,tt, Light-gray medium-bedded cherty, sometimes clastic limestones with colonial corals
Cyatophora baurgueti (Defr.), Calamophyllia etalloni Koby, Thecosmilia cf. virgulina (Etall.). 7 m.

Member 11. J5tt, Pinkish limestones alternated with gravelite-like limestones transforming into clastic ones
(11 m).

Member 12. J,tt, Alternation of gray and pinkish clastic medium-bedded cherty limestones (10 m).

Member 13. J;tt, Alternation of light-gray sandy and cherty limestones with Sphaeractinia diceratina
(Stein.). 2 m.



Field trip. Validation points CS18

Interpretation - Shallow-marine environment.

Structure: No data

Regional significance: This validation point is located within the Khram(skaya) subzone of Somkheto-
Karabakh zone(see Fig. 3.5)

Petroleum systems information: No data
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Locality 19: G(K)onakhgermaz Mt., Khachbulag Village, Dashkesan region, Azerbaijan
Position (of Dashkesan region centre determined by Google Earth): 40.31.05.27 N, 46.04.57.45 E
Age: Upper Kimmeridgian

Sedimentology:
Description (Abdulkasumzade, 1988) — Upper Kimmeridgian deposits are developed in the core of
Dashkesan syncline. The most complete section of 450 m thick is exposed at the Southern slope of
Gonakhgermaz Mt. Upper Kimmeridgian have uncorformity at the base with Oxfordian and at the top with
Tithonian. Absolute age of volcanic unit is 140 ma.

Member 1. J;km, Coarse-grained tuff conglomerates. Clasts (fragments) consist of limestones (lower part)
and porphyrites (upper part). 20 m.

Member 2. J;km, Andesite porphyrites (20 m).

Member 3. J;km, Alternation of coarse- and fine-grained
Member 4. J;km, Dark gray—black andesite and basalt po
Tithonian deposits within Dashkesan area are locally distr

Interpretation - Shallow-marine environment.
Structure: No data

Regional significance: This validation point is located wi
Karabakh zone(see Fig. 3.5)

Petroleum systems information: No data
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Locality 20: Baksan River, NE Caucasus, Tyrnayz region (near Elbrus Mt.), Russia
Position (determined by Google Earth): 43.26.00.00 N, 43.10.00.00 E
Age: Upper Kimmeridgian (?) — Upper Tithonian _

Sedimentology:
Description (Sakharov, 1983) — Section of Upper Kimmeridgian (?) — Valanginian deposits is
exposed along Baksan River (Fig. CS20A)

Member 1. J;km,(?)-tt,(?). Upper Kimmeridgian (?) — Middle Tithonian (?) white and light
gray massive gypsum and anhydrites with thin beds of brownish-gray dolomites. 130 m.
Member 2 transgressively cover previous member. J,tt;. Gray organogenous-clastic limestones
with finds of ousters, brachiopods and worms (Serpula coacervata Blum.). Thickness — 5 m.
Member 3 Jstt,. Gray fine-grained bedded limestones with carbonate concretions up to 0.2 m in
diameter oriented conformably to bedding. At the lower part find of Virgatosphinctes sp.
Thickness 47 m.
Member 4 J;tt,. Gray clayey silty limestones. Thickness 54 m.
Member 5 J,tt.. Unit of rhythmic alternation of gray fine-grained medium-bedded enriched in
terrigenous material limestones with cherty-carbonate bed-like concretions with bivalves in the
middle. Thickness 44 m.
Member 6 J;tt,. Algael gray massive clayey limestones with Myophorella suevica Quenst.
Thickness — 13 m.
Figure CS20A. Section Member 7 J,tt,. Dark gray medium-bedded limestones with concretions of cherty limestones.
el  Within last big ousters and fragments of Virgatosphinctes sp. occur. To the upper half of the

(Sakharov. 193.‘?_}' L8 member finds of Tithopeltoceras nescium Sach., sp. nov,
end — see next Fig. Buchia sp., Pinna cf. suprajurensis Orb., Gervillia linearis Buv., G. gottschei Boehm, Exogyra baksaensis Pchel., Amphidonta bruntruncana Thurm.,
Trigonia siliceum Quenst., Myphorella suevica Quenst., Cyprina brongniarty Roem., C.cf. abkhasica Khim., Cardium bernuilense Lor., Thracia

incerta Thurm., Nearea caucasica Pchel., Serpula coacervata Blum. Thickness 30 m.
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Figure CS20B (Sakharov, 1983). Composition of Upper Tithonian of Kuban’-Terek interfluve: 1 —
limestones, 2 — dolomites, 3 — organogenous-clastic limestones and dolomites, 4 — oolithic
limestones, 5 — calcarenites, 6 — clayey limestones with pale light brown concretions, 7 — pale light
brown limestones, 8 — silty dolomites, 9 — sandtones, 10 — breccias, 11 — clays, 12 — gypsum and
anhydrites, 13 — ammonites
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Member 8 J;tt,. Bluish-gray clayey fine-grained massive limestones with innumerous concretions of
cherty limestones with fragments of Virgatosphinctes cf. transitorius Opp., Serpula coacervata Blum.
colonies. Thickness — 60 m.

Member 9 J;tt,. Breccia consisting of fragments of pale light brown and pink fine-grained limestones.
Thickness — 35 m.

Member 10 J,tt;. Gray-light brown fine-grained wave-thin-bedded limestones limestones. Thickness —
20 m.

Member 11 J;tt;. Alternation of fine-grained limestones with thin-bedded silty limestones. Thickness —
60 m.

Member 12 J,tt,. Alternation of light gray and gray thinly bedded and leaf-like detrital and radiolarian
with clayey thinly bedded limestones with radiolaria: Cenospharca sp., Coneclipsis sp.,
Hemicryptocapsa sp., Stichocapsa sp.

Member 12 is exposed in the narrow transversal gorge
Cretaceous boundary and also Berriasian-Valanginian s
with erosion are covered by upper Berriasian deposits.

Interpretation - Shallow-marine and lagoon environme
Structure: No data

Regional significance: This validation point is located
Fig 3.5)

Petroleum systems information: No data
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Figure 2.2.6. Geologic map of the Mountain Crimea with location of field validation
points
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Figure 2.2.7. Map of the exposure localities and tectonic zonality for Jurassic deposits
of Mountain Crimea: 1 — SW Crimean synclinorium: 2 — Yuzhnoberezhnyi (*South
beach™) anticlinorium: 3 — Kacha (Kachynsky1) anticlinorium: 4 — Eastern Crimean
synclinorium; 5 — Tuak(skyi) synclinorium: 6 — Sudak(skyi) synclinorium: 7 — Sudak-
Karadag fold system (Muratov M. V.. Snegireva O.V.. Uspenskaya E.A.. 1972)




CR1

Locality: Chembalo Fortress, Balaklava
region

Position: 44.29.38.62 N, 33.36.02.79 E
Age: Late Jurassic

Sedimentology:
Description (Nikishin A.M., Baraboshkin E. Ju., Kopaevich

L.F. — oral report) — Within Balaklava along the seashore
cliff a thick unit of Upper Jurassic limestones and

) Figure CR1B. Genoese Chembalo Fortress
ndisbrokenby  giands upon Upper Jurassic conglomerates

and limestones
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Figure CR1C. Upper Jurassic red conglomerates (left) cover gray limestones (middle
and right).




Figure CR1D. Sea cliffs made up by Upper Jurassic limestones
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Figure CRIF. One of the innumerable grottos in Upper Jurassic limestones
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Figure CR1G. General view of the Uppe‘ Jurassic section from the Black Sea
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Locality: Baydary Gate, Foros region
Position: 44.24.22.55 N, 33.46.55.51 E
Age: Late Jurassic

Sedimentology:

Description - Within Baydary Gate area
Oxfordian—Tithonian mainly carbonate
including reef deposits are exposed (Figs.
CR2A-C)

Figure CR2A. A view to Upper Jurassic limestones from the Baydary Gate. On the
single cliff a Voskreseniya (“Ressurection™) Church stands (middle).




CR2

i 47

"
2
1

x . 1 3 W '~7 ! o . - "v". - » . 2 3
Figure CR2B. A view to Upper Jurassic limestones from the beach (East. to the left)
and to the Voskreseniya (“*Ressurection’) Church standing on the single cliff (to the
right).




Figure CR2C. A view to Upper Jurassic limestone unit dislocated by series of thrusts
(East). In the front is a Voskreseniya (“Ressurection’) Church.
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Locality: Dachnoe village, Taraktash
and Lyagushka (“Frog”) Mts., Sudak
region

Position: 44.24.22.55 N, 33.46.55.51 E
(Lyagushka Mt.)

Age: Late Jurassic

. Sedimentology:

oy
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Figure CR3A. Taraktash M. View from the Dachnoe village. Top of the mountainis ~ DeSCription (Nikishin A.M., Baraboshkin E. Ju.,
comprised by Upper Jurassic limestones Kopaevich L.F. — oral report) — In the vicinity of

Taraktash (Fig. CR3A) and Lyagushka (Fig.
CR3B) Mts. a system of Late Jurassic
(Oxfordian?) reef buildings is situated in the
unit of conglomerates, sandstones and shales
(Fig. CR3C) possibly of the same (Oxfordian?)
age.

Interpretation — terrigenous units are interpreted
as facies starting form alluvial up to turbiditic.
Source of the terrigenous input (denudated land)
Is proposed to be located to the North. Reef
massifs have discussional contacts with the
surrounding terrigenous rocks. They can be
formed in situ having aprons (tail area) of the
disrupted limestones or as a huge slide bodies
(olistolites). Shallow-marine environment.

Figure CR3B. Top of the Lyagushka mountain is comprised by Upper Jurassic
limestones (Oxfordian?) surrounded by Oxfordian(?) conglomerates

.
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reef massifs are good
collectors. Their typical
porosity is about 3—-15%.
This validation point
belongs to the Sudak
sinclinorium.

Petroleum systems
information: This reef belt
can be found even along the
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Locality: Novyi Svet town & Veseloe
Village, Novyi Svet region

Position: 44.41.34.28 N, 33.42.19.85 E
(Veseloye)

Age: Late Jurassic

Sedimentology:

Description (Nikishin A.M., Baraboshkin E.
Ju., Kopaevich L.F. — oral report) — In the
studied region the following deposits of the
same age different in composition and
origin are distributed:

1. Reef massif facies,

2. Back reef apron facies

. Fore reef apron facies

uvial fan facies

slope (hemipelagic) facies

Interpretation - Reef massif facies. In the vicinity of the Veseloye village two conical
Innacle type can be observed (Fig. CR4A). First (Fig. CR4A) is located just near
Illage. Second can be found 1.5 km to the West on Sudak—Morskoye highway
resented by pointed top Mountains of 100—150 m high build from massive-
lithic, stromatiporic, organogenetic-clastic limestones facially changing
s of oraganogenetic-clastic and coral limestones. The section of the
In the Shalyapin Grotto (Fig. CR4B, C). The biggest reef massif —
dak and Novyi Svet (Fig. CR4D-G).



Figure CR4B. Pinnacle of Shalyapin Grotto, Novyi Svet
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. Novyi Svet




Figure CR4D. View from the plane (South) to the reef building of the Sokol ("Fal-
con') mountain




Figure CR4E.View from the Perchim Mt. (North) to the Sokol Mountain
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Figure CR4F. View ‘m :'tile_ Sudak town (East) to the Sokol Mountain left)
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Figure CR4G. View from the Novyi Svet (West) to the Sokol Mountain




CR4

Fore reef apron facies. Beyond the bus stop in the Veseloye village a clay
unit with clastic semi-rounded parts of coral and organogenetic-clastic limestones of
the visual thickness 9 m can are located. The disruption of the reef massif can be
caused by strong tempests and currents existed in the basin. The close position of the
reef building 1s proved by the weak roundness of the limestone parts.

Back reef apron facies. From the South reef side (steep slope) faced to the
Sudak—Morskoye highway a vunit of non-startified bituminous organogenetic-clastic
limestones. comprising a few lens bodies of 10 m thick. These bodies have an abrupt
boundaries with the fan unit presented by conglomerate-sandstone-clay and gradual
with terrigenous-carbonate turbiditic unit. The absence of sandy. clayey material and
presence of huge blocks of sandstones in limestones prove their slide nature. This is
also proved by the absence of bedding. sharp boundaries with the surrounding rocks.
Non-bedded limestones along the extention transform into turbidites that prove the
presence of the tectonic bench on which reefs were formed.

Alluvial fan facies. These facies are presented by coarse material of the
mountain river. Pebble is presented by products of denudation of the mountain in-
cluding such rocks as plagiogranites. quartz rocks. sandstones, siltstones. Conglomer-
ate matrix is a unwashed oligomictic feldspar grauvakk sandstones (quartz and litho-
clastic prevail, clayey cementation is developed) typical for deposits of the submarine
fans. The submarine nature is proved by the presence of the typical sea fauna — mol-
lusks. algae, worms. echinoids., bryozoans. Conglomerate beds represent the maximal
sea level. fine-grained sandstones and background (phon) clays characterize the
minimal sea level. Thus these are the submarine river-channel alluvial deposits of the
deep part of avandelta. Avandelta formed the alluvial fan.




C R 4 Natural
radioactivity,
mR/h
Basin slope (hemipelagic) facies. These facies are characterized by sand-clay S

unit with rare beds of oragonogenetic-clastic limesones. by presence of the marine

auna. plant detrit and remnants of the
ecame charred (coalized) plant trunks.
'sc:mbeexplamedaﬂafmuunuf

1sorted and fine-grained mamnly quartz
with clayey cemun:aunnpmvaﬂ

The observation l-:}ffa::ies can be
onfinued at the next point (no. 3).

Figure CR4E. Stratigraphy and radiometry
of fore-reef turbidite deposits in the vicin-
ity of Veseloye village (compiled by E.Ju.
Baraboshkin)
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12345 Figure CR4G. Microphotographs of few facies in the vicinity of Veseloye village
Figure CR4F. Stratigraphy and sedimentology of alluvial fan deposits in the vicinity | (compiled by E.Ju. Baraboshkin)
of Veseloye village (compiled by E.Ju. Baraboshkin): 1 — dust (pelite); 2 —silt; 3 —
sand: 4 — gravel; 5 — pebble.




Re-crystallized bioclastic (bivalves — left, crinoids — right) packstones from turbidite
facies. Pores are filled by sparite cement. With analyzer.

Figure CR4G. Microphotographs of few facies in the vicinity of Veseloye village
(compiled by E.Ju. Baraboshkin)




CR5

Locality: Papaya-Kaya & Karaul-Oba Mts., Novyi Svet region
Position: 44.49.21.60 N, 33.50.23.72 E (Papaya-Kaya Mt.), 44.99.00.48 N, 35.53.46.68 E (Karaul-Oba Mt.)
Age: Middle-Late Jurassic

Sedimentology:
cription — lateral change of different terrigenous and carbonate Middle—Late Jurassic facies (§4,

S point) can be seen in the vicinity of Papaya-Kaya (Fig. 5CRA, B) & Karaul-Oba (Fig. 5CRC, D)
mountains are mainly built from Upper Callovian reef limestones and Lower—Middle Callovian
igenous units (Muratov, 1967)
allow-marine environment.
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Petroleum syst

Figure CR5B. View to Papaya-Kaya from the SE




CR5

Sokol Mt., point no. 4

Karaul-Oba Mzt.

.-:1

Figure CR5C. View from the East to Sokol and Karaﬁl-Ob Mt
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igure CRSD. View to Karaul-Oba Mt. from the :SE |




CR6

Locality: Chatyr-Dag Plateau & Emine-Bair-Khosar Cave, Alushta region
Position: 44.48.01.09 N, 34.17.23.89 E (Cave)
Age: Late Jurassic

Sedimentology:

Description — Chatyr-Dag Plateau is covered by innumerable karst craters (Fig CR6A). The
Emine-Bair-Khosar cave is situated inside the Plateau (Fig CR6B) within the massive Upper
Jurassic limestones and formed by carst process. Gradient (incline) of the cave to the North is
generally the same as the gradient of limestones. The last lies steeper then relief (Fig. CR6C).
The underground galleries of the cave are 1460 m long and more then 120 m deep. Here are
many stalactites, stalagmites and other wandering forms (Fig. CR6D—F) are found. In the cave an
Innumerable finds of Pleistocene fauna was made that fall down through the karst wells (Fig
CR6G). Paleontologically cave is characterized by separate bones and even whole skeletons of
mammoths, cave bears, wooly rhinoceros (horn-nose), deers e.t.c. (Fig CR6H-I)

Interpretation - Shallow-marine environment.

Structure: Unit is tectonically imbricated by a series of thrusts that repeat section for many
times (Fig. CR6J). Level of the cave can coincide with zones of tectonic fissuring (cleat) and the
gently sloping overthrust.

Regional significance: This validation point is located at the Eastern-Crimean synclinorium

Petroleum systems information is given in the text and tables inside §6.
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CR6

Figure CR6B. The surface of the Chatyr-Dag Plateau
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Figure CR6D. Sralaénﬁtés in the cave
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CR6

Figure CR6G. The natural well is an entrance into the cave



Figure CR6H. Skeleton of the bison fallen down through the karst hollow




Figure CR6I. Skeleton of the deer fallen down through the karst hollow




Chatyr-Dag Plateau, southern slope.
Tectonic imbrication of carbonate platform

wonal

Figure CR6J. Scheme of tectonic imbric
E.Ju. Baraboshkin. A M. Nikishin)




Field trip. Validation
points

Figure CR7C. View to the carbonate platform destroyad by karst in the vicinity of
Mramomoye village and to the Quarry (in the front). Karst holiows in the Tithonian
limestones are filled by Lower Cretaceous clays (grass crowding (zathenng) marked
by red arrows).

Structure: Upper Jurassic limestones were at least
two-times tectonically deformed. First event was

efore Valanginian — the Late Kimmerian phase of

ing and overthrusting widely presented in Crimea.
hase was after Cretaceous probably in

eogene when the system of overthrusts
en them a wedges of Lower

und. Marblized limestones contain
Issures (chip and isolation
iding mirrors) and the traces
verns. All the fissures
issure systems and

Sk 2 T P o 8

Figure CR7. A - Zon= of tectonic contact between Upper Jurassic limestonss and
Valanginian-Hauterivian clays. B - Scheme of composition of Lower Cretaceous de-
postts of tectonic wadge in the Upper Jurassic limestonss in the Mramomy Quary
(Nikishin et al.. 2008)



Field trip. Validation points CRY

First is presented by small fissures and caverns filled by relatively homogenous

secondary calcite. Second is a system of sufficiently big fissures and empties filled by
clasted breccia of the surrounding rocks “submerged’ into the red carbonate matrix.The main
orientation of the ancient fissures is submeridianal.

Modern fissuring is presented by fissure systems of separation and sliding mirrors
of the displacement and displacement-overfault origin. Stylolites and chip-fissures are lesser
distributed.

Stylolites have NE-SW extension and ESE (120°) main declining direction. Angle of
declining is rather steep (48-85°). Stylolites mark the sublatitudinal compression in ESE-
WNW direction.

Chip-fissures have 2 main system of orientation: sublatitudinal (107°) and SE-
NW (145°). The last are lesser expressed. The conclusion about the sublatitudinal ESE-
WNW direction of the main axis of compression is based upon the evidence that chip-
fissures are located at the sharp angle to the axis of compression.

Modern chip-fissures are unclear seen and are parallel to the main axis of the
compressing tensions (stresses) sigmas.

Sliding mirrors have mainly ESE extension. Hatching marks main displacement in
SE—NW direction. The axis of shift is slightly inclined to the East that explain the main
distribution of the shift-overfault dislocations.

The relation between right and left horizontal and with vertical component
displacements (shifts) is characterized by small domination (20%) of the left ones.



Field trip. Validation points CRY7

Figure CR7C. View to the carbonate platform destroyed by karst in the viciniry of
Mramomoye village and to the Quamy (in the front). Karst holiows in the Tithonian
limestones are filled by Lower Cretaceous clays (grass crowding (zathenng) marked
by red amrows).




Field trip. Validation points CRY

Analysis of paleostreching shows the direction of the main axis of compressing sigma, is
ESE 116°.

Modern open fissuring is very abundant and reachs up to 6%. Fluid migration mainly
proceeds along the axis of maximal tension (NNW 27°). On the scheme (Fig. CR7D) two
possible scenarios of overtrhust origin in the Mramornyi quarry are shown.

Regional significance: It is a unique place to study tectonic kinematics to understand the
origin the Crimean orogen. Schematic map is given on Fig. CR7E. This validation point
belongs to the Eastern-Crimean synclinorium.

Petroleum systems information:

Limestones are karsted and in the paleo-karst places one could see:

1. formation of cavities filled by big calcite cristalls (speleothems). Usually a small inner
cavity is empty;

2. filling of the karst rocks of the few generations;

3. filling of the karst by sea clays.

From the mentioned types only the first can be interested as a potentional reservoir.
Extent of fissuring is up to 6%.

Some microphotographs are given on Fig. CR7F. Other data is given in the text and tables
inside §6.



Field trip. Validation points
Scenario 1

CRY

Upper Jurassic
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Figure CR7D. The possible character of thrust deformation in the Northem part of
Chatyr-Dag area. Time of deformation is not determined: after Albian and possibly
during Cenozoic (Eocena'Oligocens boundary or in Miocene). Numbers (1-3) indi-

cate the stages of progress. Numbers m circles mark succesion of the thrust formation  Figure CRTE. Geological map of Mramorny: Quarnry compiled by B.T Yanin & E Ju.
(Nikishin et al., 2006). Baraboshkin




Field trip. Validation points CRY

Upper Jurassic grainstone with sparite cementation of pores filled by bitumen from
landslide facies. With analyzer (l=ft). without — (right). Northem side of Quamry

fpper Jurassic grainstons with terrigenous input and spanite cementation of pores.
With analyzer (J=ft). without - (right). Northem side of Quamry.

Fillmg of karst empty space in Upper Jurassic gnins:o
out - (nght). Northern side of Quary.

E.Ju Baraboshkm)



CR8

Locality: Demerdzhi-South Mt., Alushta region
Position: 44.44.56.27 N, 34.23.56.74 E
Age: Late Jurassic

Sedimentology:

Description — The main feature of the Demerdzhi Mountain (Fig. CR8A-C) is that it is comprised by
glomerate unit of 1 km thick. Conglomerates demonstate a column (bastion) form of weathering
R8D). In the lower part conglomerates are coarser with the sandy cement. In the upper part
cement prevails and conglomerates are interbedded by limestones that form a relatively steep
8C, E). Pebbles include different Paleozoic (and Pre-Cambrian?) granites and shales (the

Figure CR&-!. V ew 10 Demerdzl'. So.xr.h Mt :ron: SV.



CR8

Description of the section (Fig. CR8F; Chernov, 1963).
.Basal member. J,0x,!.Weakely cemented by sandy-
clayey matrix strongly ferruginated boulder—huge pebble
conglomerates. Unit with the angle unconformity cover
flysh of the Tavricheskaya Formation (T,-J;). Thickness is
20-50 m.

Middle member. J,o0x,2. Strongly cemented by sandy-
clayey matrix conglomerates with pebble of the huge and
medium size with lenses and thin beds of gravelites,
andstones and rare argillites. Thickness is 70—150 m.

er member. J;0x,3. Strongly cemented by sandy-

e matrix conglomerates with pebble of the huge
size with lenses and beds of gravelites and
ickness is 200—800 m.

. J30X,L. Strongly cemented by
erates with pebble of the

s of sandy limestones that
astropods: Natica

sp. indet., Fibula ai-

Figure CRSC. View to Demerdzhi-South Mt from SW




M.V. Muratov was the first who decided that the source of
the terestrial input was situated to the South. He called it
Tuakskoe Rise. A good study allowed V.G.Chernov (1970)
to reconstruct the hypotetical section including rocks from
Proterozoic to Lower Jurassic of this assumed land
(denudation area) existed within the modern borders of the
Black Sea.

rpretation - Shallow-marine environment.
erates have marine origin and were formed in the

d P g« i
Figure CRED. Column forms of w:
in the “Ghost Valley™

possible thrusts so section is repeated

lidation point is located at

Figure CREE. Upper part of the section



CR9

Locality: Ai-Petry Plateau, Yalta region NW SE
Position: 44.28.08.29 N, 34.04.11.05 E
Age: Late Jurassic (Kimmeridgian—Tithonian) Ai-Petry Yayla

Sedimentology:
Description — Plateau is built from Upper Jurassic
carbonates of a row of facies that are more then 600
m thick and 2 km wide. Bedded, massive, reef,
oolithic, oncoidal, marly, sandy limestones and
sandstones can be found (Fig. CRO9A-E). The main
art of the Ai-Petry mountain is composed of hard,
edded massive limestone that biuld steep 600 m
iffs in the Southern part of the Mountain. Ai-
ive limestones gradually pass, both
inward, into thick- and medium




CR9

In the lower part of the section packestone, grainstone, rudstone dominate with some portion of
wackestone and floatstone. The Upper part of the section is biuld up from wackestone and floatstone
with some packestone, grainstone, rudstone and bounstone parts.

Foraminifera assemblage (Fig. CR9F) includes very widespread in the Kimmeridgian and Tithonian and
characterizing innner part of a carbonate platform Pseudoyclammina, Rectocyclammina,
Everticyclammina, Neokilianina, Labyrinthina. Most of them colonized organogenic buildups and some
of them (Subbdeilloidina and Mohleria) coul even have played a binding role by encrusting the buildup
surface.

Throughout most of the section massive limestones appear to represent monotonous micritic or detrital
rocks. Massive limestones belong to a stromatoporoid and microbial-algal microencrusters (Fig.
CR9G), frequently of variable proportions and showing either appearence or complete disappearance of
some faunal genera. Also occur oncolithic horizons, between 10 and 20 cm thick, and infrequent
sandstone layers. The studied section includes mainly phaceloid forms: Calamophylliopsis,
Latomeandra, Stylosmilia and Microphyllia which build small, patch reefs, usually 1 m in diameter.
Their inner structure is poorly visible owning to considerable or complete recrystallisation of corals.
Stromatoporoids (Cladocoropsis mirabilis Felix) occur much more frequently than corals. They form
small colonial patches which usually develop on hard elements of the substratum. Stromatoporoids
occur nearly always with Lithocodium (Fig. CR9G). Moreover, quite common are algae (dasycladacea,
rarely Codiacea), small calcareous sponges, fragments of echinoids, bryozoans, and coprolites. The
entire section includes a frequently occuring, characteristic assemblage of foraminifers and
microencrusters.

Interpretation - Shallow-marine environment (outer platform and increased water energy) is prooved
by foraminefera complex (Mohleria, Nautiloculina, Protopeneropsis, Siphovalvulina, Subbdeilloidina,
Troglotella, “trocholins™, and ‘textulariids’’). Corals, echinoids, bryozoans, sponges also indicate warm
basin with normal salinity.



Structure: Carbonate massif is intersected by a
system of thrusts and it’s tectonic structure is not
clear (Nikishin A.M., Baraboshkin E. Ju., Kopaevich
L.F. — oral report).

Regional significance: From the top of the Plateau
(1234 m high) one could see the wonderful
landscape. At the same time the steep nearly vertical
slope faced to the Black Sea marks the border
between South-Crimean orogen and Black Sea
ession. To the South from Ai-Petry in the Black
rokin through is situated. It is an Oligocene
in for the South-Crimean orogen. The
it’s submerging was at Maikopian
locene) time. The origin of the
ible to be caused by the start
-Crimean orogen onto
lidation point is




Figure CROE. View to the cliff of Ai-Peary from the cable-way




Figure CROG. Examples of microencrusters om the massive Al-Petry limestonss. a
- Packstone and framestone; numerous sromatoporoids bear Lithocodium (L) on their
surfacies; packstones include also Tubipiyres morranensiz (Th). b-c — Framestons and
wackestone; space between stromatiporids frequently filled with Lithocodium (L) and
Troglotelia (T), d - ramestone; sediment bound by numerous Tubipiytes morronen-
zis. The presence of the nizxd framework is documentad by zrowth cavities (ammows);
e — Packstons and grainstone; among intraclasts and microbial structures numerous
Tubiphytes morronensiz (Tv) and Bacineila (B) speciements occur; f - Packstone and
grainstone; in the central part well visible Bacmelia (B) which fills inra-grain pores
and conmibutes to binding of loose sediment (Krajewski, Olszewska, 2006)




shonikidze & Yuzshnoye
egion
py Google Earth):
(Cape Svyatogo
35.21.52.46 E
4.59

Ordzhonikidze




CR10

Lowest layers of the Dvuyakornaya Formation are exposed in
the coastal cliff of the eponymous bay approximately 2 km
north of the Ordzhonikidze Settlement (Fig. CR10D, Section
1). The following members (Arkad’ev et al., 2006) are
exposed here (from the base upward):

Member 1: green gray clays (Fig. CR10E), compact, with
local parallel bedding and ferruginate brown bedding planes;
clays contain bun-shaped and lenticular concretions of more
compact calcareous clay, being intercalated with rare thin (up
to 0.5 cm) interbeds of brown limy sandstones. Ammonite
ecies Euvirgalithacoceras cf. tantalus (Herbich) and

., Lenticulina dilecta
irillina kubleri

Figure CR10C. The exposure of Callovian-Oxfordian (7) clay and conglomerate unit

above Ordzhonikidze settlement.
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Upper Kimmeridgian/Lower

Tithonian boundary. Member 2 (fig. CR10
10CRF-G): greenish gray clays and
dark to light gray siltstones with rare
interbeds (1-3 cm in the lower part and
up to 20-30 cm higher) of brownish
gray fine- to medium-grained compact
calcareous sandstones; siderite lenses
and interbeds (20—30 cm) in sandstone
have brown surface. At the level 10 m
above the member base, sediments
yield ammonites ?Lingulaticeras
efimovi (Rogov), Phylloceras
consanguineum Gemmellaro,
Lytoceras sp., and bivalves
Aulacomiella problematica Furlani).
aminifers identified in this member

YRy Rkt (e B e T
hax sp., Reophax sp. 1, P *“" ~'. R A AR ENA cal a PN
. 2, Haplophragmoides \,\; R A '-1'-"'_&;5“‘6* D ";.."lx \ \
ullade, Ammobaculites \\‘.(‘r' A R e T R ~‘x\ 3 M {?:x

ites sp. 2, A. ex gr. Figure CR10F. Upper I\mmleudglan - LO'\\ er Tlthoman mterv al of the section

, A. sp., Melathrokerion eospirialis Gorb., Everticyclammina sp., Textularia sp., T. notcha
riniformis (Parker et Jones), T. sp., Nodosaria sp., Lenticulina catascoptium (Mitjanina),
ostuhligi K. Kuzn., Ramulima spinata Ant., Spirillina sp., S. kubleri Mjatl.,

Leup.), T. sp., Epistomina ventriosa Esp. et Sigal, and undeterminable

studied near the benchmark 90.0 m inside the Dvuyakornaya Bay
sion is exposed from the water level upward:



Member 3: greenish gray splintery
clays (0.3-0.5 m) with parallel
bedding, brown siderite
concretions, and black plant
detritus; they are intercalated with
more compact sandy varieties and
pinkish gray fine-grained detrital
limestones (0.10-0.15 cm). Small
poorly preserved ammonites
chophylloceras sp.,
hylloceras sp., Haploceras
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foraminifers, and ostracodes in Section 2 (see Fig. 10CRD for Iegend)

Figure 10CRH (Arkad’ev et al, 2006). Distribution of ammonites,




4: Interval 8 m wide is unexposed. CR10

Member 5: alternating dark greenish gray splintery clays and cream-colored fine-grained detrital compact
limestones (0.05-0.10 m) with abundant fucoids; limestone beds have the sharp lower and frequently
ocherous upper boundary. In

the uppermost part of the member, a bed of massive limestone is 0.5 m thick. Sediments yield diverse fossils:
poorly preserved ammonites Haploceras sp., Lytoceras sp.; aptychi Punctaptychus cinctus Trauth.;
foraminifers Haplophragmoides sp. 2, Ammobaculites ex gr. inconstans Bart. et Brand, Everticyclammina
sp., Textularia notcha Gorb., Spirillina helvetica (Keub. et Zwin.), S. minima Schaco, S. sp., Patellina
turriculata Dieni et Massari; and ostracodes Bairdia sp. nov., Bairdia sp. 7, Bairdia sp. 8, Cytherella
krimensis Neale, “Cythereis” sp. 2, ?Mantelliana purbeckensis (Forb.), Hechticythere sp.

The thickness is 13.5 m.

Member 6: alternating dark greenish gray splintery clays (0.5-1.0 m), more compact lenticular siltstones
(0.03-0.10 m), and pinkish gray fine-grained detrital compact limestones (0.03—0.10 m); some clay interbeds
are highly ferruginate,

ocherous, brown to yellow in color. Ammonite Ptychophylloceras sp. is found in the middle of the member.
Foraminiferal assemblage consists of Reophax giganties A.-V., Haplophragmoides sp. 2, Ammobaculites ex
gr. inconstans Bart. et Brand, Everticyclammina sp., Textularia densa Hoff., Spirillina helvetica (Keub. et
Zwin.), S. sp., and Patellina turriculata Dieni et Massari.

The thickness is 12 m.

Member 7 is lithologically similar to the previous one, though comprising a relatively thick (0.4 m) bed of
creamcolored fine-grained detrital limestones at the top. Among microfossils, there are foraminifers Reophax
giganties A.-V., Ammobaculites ex gr. inconstans Bart. et Brand, Everticyclammina sp., Spirillina helvetica
(Keub. et Zwin.), S. sp., Trocholina burlini Gorb., and ostracodes Bairdia sp. nov., Bairdia sp. 7,
Cytherelloidea mandelstami blanda Neale, C. mandelstami mandelstami Neale, Schuleridea juddi Neale,
Cypridina sp., Macrocypris sp., and others.

The thickness is 15 m.

8: interval 15 m wide is unexposed.
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Member 9: alternating greenish gray splintery and compact parallel-bedded clays (0.3-1.0 m), cream-
colored to brown detrital compact limestones (0.1-0.5 m), and rare gray detrital calcareous sandstones (0.10-
0.15 m); some limestones

beds consist of lenses up to 0.5 m long. Ammonites Oloriceras schneidi Tavera, Ptychophylloceras sp., and
aptychi Punctaptychus punctatus longa Trauth. are found 2 m below the member top. The following
foraminifers are dispersed through the member: Ammobaculites ex gr. Inconstans Bart. et Brand,
Melathrokerion eospirialis Gorb., Gaudryina chettabaensis Sig., G. sp., Lenticulina dilecta Putria, L. cf.
macra Gorb., L. muensteri (Roem.), L. sp., Astacolus planiusculus (Reuss), Vaginulina duestensis Reuss,
Spirillina kubleri Mjatl., S. sp., Discorbis crimicus Schok., D. sp., and Epistomina ventriosa Esp. et. Sig. The
ostracode assemblage consists of Bairdia sp. nov., Quasihermanites implicata Donze, and Macrocypis sp.
The thickness is 16 m

10: interval 10 m wide is unexposed.

Member 11: irregularly alternating greenish gray splintery clays (0.3—-1.0 m) and cream-colored detrital
limestones (0.03-0.40 m), which are intercalated with brown siderite interbeds. Identified foraminifers are
Haplophragmoides

globigerinoides (Haeusler), Trochammina neocomiana Mjatl., T. globigeriniformis (Parker et Jones),
Lenticulina immense K. Kuzn., L. gutata gutata (ten Dam), L. Muensteri (Roem.), L. undorica K. Kuzn., L.
uspenskajea K. Kuzn., L. sp., Astacolus planiusculus (Reuss), Vaginulina duestensis Reuss, Spirillina
helvetica (Keub. et Zwin.), S. sp., Trocholina infragranulata Noth, and Patellina turriculata Dieni et
Massari. Ostracodes are represented by Bairdia sp. nov., Bairdia sp. 7, Cytherella krimensis Neale,
Cytherelloidea tortuosa (Lub.), C. ex gr. tortuosa (Lub.), C. Mandelstami blanda Neale, Quasihermanites
Implicata Donze, Tethysia chabrensis Donze, “Xestoleberis” sp. 1, Macrocypris sp., Macrocypris sp. 3, and
others.

Thickness is 20 m.
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Member 12 is lithologically similar to the previous one, though lacking siderite interbeds; limestone beds are
relatively thicker (0.3-0.4 m). Characteristic foraminifer species are Melathrokerion spirialis Gorb.,
Trochammina globigeriniformis (Parker et Jones), Lenticulina uspenskajea K. Kuzn., L. sp.1, L. sp. 2,
Vaginulina duestensis Reuss, Spirillina helvetica (Keub. et Zwin.), Trocholina infragranulata Noth, T. alpina
(Leup.), and T. elongata (Leup.). The ostracode

assemblage includes Cytherella krimensis Neale, Cytherelloidea mandelstami blanda Neale, C. Tortuosa
(Lub.), Cypridina sp., Bairdia sp. nov., Macrocypis sp., and “Xestoleberis” sp. 1.

The thickness is 10 m.

Belemnite Pseudoduvalia tithonica (Opp.) is found in talus derived from the section lower part. The section
continues further approximately 1 km southeast

of the Yuzhnoe Settlement in the southern limb of the Sultanovka syncline (Fig. CR10l, Section 3). The
following sediments are exposed in several small hills:

Member 13: dark green to locally gray clays, parallelbedded, splintery, intercalated with light gray coarse-
grained calcareous sandstones (0.05-0.15 m) and containing lenslike siderite concretions up to 20-30 cm
thick. The layer near the member base, clays contain bivalves Aulacomiella problematica (Furlani), plant
detritus, and foraminifers Haplophragmoides sp., Ammobaculites sp., Charentia evoluta (Gorb.),
Stomatostoecha compressa Gorb., S. sp., Pseudocyclammina lituus (Yok.), P. spharaedalis Hott.,
Anchispirocyclina lusitanica (Egg.), Spirillina kubleri Mjatl., Trocholina alpina (Leup.), T. burlini Gorb., and
Epistomina ventriosa Esp. et Sig.

The thickness is 30 m.

Member 14: light gray limestone, massive to conglomeratic,
Is containing small subangular sandstone and limestone
pebbles.

The thickness is 2 m.
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Figure 10CRI (Arkad'ev et al., 2006). Distribution of ammonites, foraminifers, and ostracodes in Section 3

(see Fig.10CRD for legend).
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Member 15: dark greenish gray clay, fine-grained, splintery, is containing thin (5-10 cm) interbeds of gray
sandstones and lenses of siderites with the brown surface. The member is crowned by a bed (0.5 m) of light
gray massive fine- to medium-grained sandstone grading into brown siderite. The top plane of the bed is
uneven, hummocky. Fossils are represented by foraminifers Haplophragmoides sp.,

Melathrokerion spirialis Gorb., Charentia evoluta (Gorb.), Pseudocyclammina lituus (Yok.), Lenticulina
uspenskajea K. Kuzn., and Trocholina alpina (Leup.).

The thickness is 8 m.

Member 16: greenish gray clays, splintery, with siderite lenses and interbeds; a siderite lens in the uppermost
part of the member yielded ammonite Paraulacosphinctes transitorius (Oppel).
The thickness is 20 m.

Member 17: dark gray clays, fine-grained, splintery, with interbeds (3-5 cm) of pinkish gray very compact
cryptocrystalline limestones; hosting brown siderites lenses (up to 30 cm) occur as well. Foraminifers found
In the member are Ammobaculites sp., Melathrokerion spirialis Gorb., Charentia evoluta (Gorb.),
Stomatostoecha compressa Gorb., S. sp., Pseudocyclammina sp., Trochammina globigeriniformis (Parker et
Jones), T. neocomiana Mjatl., Pseudonodosaria diversa (Hoff.), Lenticulina uspenskajea K. Kuzn., Astacolus
proprius K. Kuzn., Planularia madagaskariensis Esp. et Sig., Trocholina burlini Gorb., T. alpina

(Leup.), and Epistomina ventriosa Esp. et Sig. The ostracode assemblage includes poorly preserved Bairdia
Sp. nov., B. sp., Pontocypris cuneata Neale, Acrocythere alexandrae Neale et Kolp., and Macrocypris sp.

The thickness is 33 m.
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The overlying sediments are much better exposed and studied in paleontological aspect in the Cape Svyatogo
I1’1 section (Fig. CR10J, Section 4). A thick (2. 5 m) bed of conglomeratic limestones with angular and
subrounded pebbles (up to 2-3 cm across) of limestone and other rocks is exposed immediately above the
water level in a cliff 200 m west of the lighthouse. The upper boundary of the bed is sharp, eroded. Its
uppermost part (10-15 cm) is true conglomerate, which yielded an echinoid plate and poorly preserved cast
of ammonite Haploceras sp. Foraminifers Pseudocyclammina spharaedalis Hott., and Anchispirocyclina
lusitanica (Egg.) are identified in thin sections. No other limestone beds of similar thickness have been
observed in examined sections, and their correlation is problematic. Judging from the foraminiferal
assemblage, this bed belongs still to the Tithonian Stage. Its upper erosional surface is overlain by the
following members:

Tithonian/Berriasian boundary. Member 18: alternating clays (1.5-2.0 m) and limestones (0.10-0.15 m);
dominant clays are greenish gray, compact, splintery, frequently soft with limonitized pyrite nodules and
parallel bedding. Synsedimentary flattened clay pebbles are concentrated in places. Limestones are light gray
to light brown, compact, detrital, lenticular in the lower part of the member; numerous fucoids are confined
to bedding planes. Aptychi Punctaptychus aff. malbosi (Pict.) and P. aff. Imbricatus (Meyer) are found at the

member base. Sediments 4 m higher contain diverse fossils: ammonites Berriasella chomeracensis (Touc.), B. sp., Fauriella
cf. floquinensis Le Heg., Ptychophylloceras cf. semisulcatum (d’Orb.), Haploceras sp.; belemnite Duvalia sp.; bivalve Amusium sokolovi Ret.;
brachiopod Tonasirhynchia janini Lobatsch. et Smirn.; aptychi Punctaptychus punctatus rectecostatus Cuzzi, P. Punctatus flactocostatus Trauth.,
P. imbricatus (Meyer), P. cf. monsalvensis Trauth, and P. malbosi (Pict.). The very diverse foraminiferal assemblage consists of Reophax sp.,
Haplophragmoides cf. vocontianus Moull., H. sp. 1, H. sp. 2, Ammobaculites inconstans inconstans Bart. et Brand, A. inconstans gracilis Bart. et
Brand, A. cf. Eocretaceous Bart. et Brand, A. sp. 1, A. sp. 2, Triplasia emsladensis acuta Bart. et Brand, Melathrokerion spirialis Gorb., M. sp.,
Charentia evoluta (Gorb.), C. sp., Stomatostoecha enisalensis Gorb., S. rotunda Gorb., S. compressa Gorb., Pseudocyclammina lituus (Yok.), P.
sp., Everticyclammina sp., Rectocyclammina sp., Textularia crimica (Gorb.), T. sp., Trochammina sp., Dorothia sp., Quinqueloculina sp.,
Isytriloculina sp. 1, I. sp. 2, Nodosaria paupercula Reuss, N. Sceptrum Reuss, N. sp., Pseudonodosaria diversa (Hoff.), P. Humulis (Roem.), P.
mutabilis (Reuss), Frondicularia sp., Lenticulina cf. ambanjabensis Esp. et Sig., L. neocomiana Rom., L. macra Gorb., L. ex gr. gutata (ten Dam),
L. nimbifera Esp. et Sig., L. colligoni Esp. et Sig., L. sp. 1, L. sp. 2, Astacolus laudatus (Hoff.), A. cf. favoritus Gorb., A. calliopsis (Reuss), A.

planiusculus (Reuss), A. sp., Planularia crepidularis Roem., Dentalina nana Reuss, Spirillina kubleri Mjatl., S. sp., Globospirillina neocomiana (Moull.), G.
caucasica (Hoff.), Miliospirella cf. caucasina Ant., Trocholina elongata (Leup.), T. alpina (Leup.), T. giganta Gorb. et Manz., T. molesta Gorb., T. burlini Gorb., Discorbis
crimicus Schok., Siphoninella antiqua Gorb., Epistomina cf. ornota (Roem.), E. caracolla caracolla (Roem.), Protopeneroplis ultragranulatus (Gorb.), Pseudolamarckina sp.,
Conorotalites ex gr. bartensteni (Bett.), Ticinella roberti Gand. Similarly diverse is also the ostracode assemblage: Bairdia sp.nov., B. sp. nov. 1, Tethysia chabrensis Donze,




CR10

Cytherelloidea mandelstami blanda Neale, C. flexuosa Neale, Acrocythere aspera Donze, A. cf. aspera Donze, A. alexandrae Neale et Kolp., Cytherella cf. krimensis Neale et
Kolp., C. lubimovae Neale, ?Mandocythere (Costacythere) frankei (Trieb.), “Orthonatacythere” sp. nov., “O.” sp. nov. 1, Prodeucythere eocretacea Neale et Kolp.,
Eucytherura ardescae Donze, “Cytherura” sp. nov., ?Clitrocytheridea paralubrica Neale et Kolp., Palaeocytheridella teres Neale, Macrocypris sp. B Neale, ?Neocythere sp.,
and others.

The thickness is 16.6 m.

Member 19: light green clays intercalated with centimeters-thick laminae of light brown compact detrital

limestones with abundant fucoids. Foraminiferal assemblage consists of reophax sp., Ammobaculites inconstans inconstans Bart. et
Brand, A. sp., Melathrokerion spirialis Gorb., Charentia evoluta (Gorb.), C. sp., Stomatostoecha compressa Gorb., Trochammina sp., ., Isytriloculina sp. 2, Lenticulina cf.
ambanjabensis Esp. et Sig., L. neocomiana Rom., L. macra Gorb., L. ex gr. gutata (ten Dam), Spirillina kubleri Mjatl., Globospirillina neocomiana (Moull.), Discorbis
crimicus Schok., and Epistomina caracola caracola (Roem.). Ostracodes are represented by Bairdia sp. nov., Acrocythere aspera Donze, A. cf. aspera Donze, A. alexandrae
Neale et Kolp., Tethysia chabrensis Donze, Cytherelloidea mandelstami blanda Neale, Cytherelloidea sp. 2, Cytherella krimensis Neale, Cythereis aff. senckenbergi Trieb.,
Prodeucythere eocretacea Neale et Kolp., Pontocypris aff. arcuata Lub., Schuleridea juddi Neale, “Orthonatacythere” sp. nov. 1, Procytherura sp., “Bythocypris” sp., and
others.

The thickness is 8 m.

Member 20: alternating greenish gray splintery clays (dominant, 2—3 m thick) and light brown compact
detrital limestones (0.3—0.5 m, mainly in the middle part of the member); the uppermost part encloses
Interbeds (0.1-0.2 m) of dark gray and dark green parallel-bedded marls. The marls contain various fossils:

aMMONITES Haploceras cf. carachtheis (Zeus.), H. sp.; aptychi Punctaptychus cf. punctatus (Voltz), P. cf. malbosi (Pict.), P. cf. imbricatus (Meyer); foraminifers
Ammobaculites sp., Stomatostoecha enisalensis Gorb., Rectocyclammina sp., Feurtilia frequensis Maync, Pseudocyclammina lituus (Yok.), Textularia crimica (Gorb.),
Nodosaria sceptrum Reuss, Trochammina sp., Dorothia sp., Sigmoilina sp., Pseudonodosaria mutabilis (Reuss), Lenticulina neocomiana Rom., L. macra Gorb., L. sp. 1,
Astacolus cf. favoritus Gorb., A. calliopsis (Reuss), A. planiusculus (Reuss), A. laudatus (Hoff.), A. proprius K. Kuzn., Saracenaria latruncula (Chal.), Spirillina kubleri Mjatl.,
Miliospirella cf. caucasina Ant., Trocholina alpina (Leup.), T. giganta Gorb. et Manz., T. molesta Gorb., Discorbis crimicus Schok., Epistomina cf. ornota (Roem.),
Protopeneroplis ultragranulatus (Gorb.); ostracodes Bairdia sp. nov., B. sp. nov. 1, Acrocythere aspera Donze, Cytherella krimensis Neale, C. lubimovae Neale,
Cytherelloidea mandelstami blanda Neale, C. mandelstami mandelstami Neale, C. flexuosa Neale, Cythereis aff. senckenbergi Trieb., “Cytherura” sp. nov., Eucytherura
ardescae Donze, “Orthonatacythere” sp. nov. 1, Protocythere revili Donze, Procytheropteron barkeri And., Pontocypris cuneata Neale, Macrocypris sp., ?Neocythere sp.,
and others.

The thickness is 17 m.
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Member 21: greenish gray splintery clays with rare interbeds (0.10-0.15 m) of cream-colored detrital
limestones; in the middle, there is a thick (0.8 m) limestone bed with abundant rounded pebbles at bedding

surfaces. Sediments yleld ostracodes Bairdia sp. nov., B. sp. nov. 1, Eucytherura ardescae Donze, Cytherella krimensis Neale, Protocythere revili
Donze, Raymoorea peculiaris (Donze), ?Rhinocypris jurassica (Mand.), ?Clitrocytheridea paralubrica Neale et Kolp., and others.

The thickness is 10 m.
Member 22: bluish gray platy clays with subordinate interbeds (0.5-0.6 m) of dark brown massive detrital

limestones. Sediments contain foraminifers Reophax sp., Ammobaculites sp. 1, Haplophragmoides cf. vocontianus Moull., H. sp., Stomatostoecha
enisalensis Gorb., S. Compressa Gorb., Everticyclammina sp., Pseudocyclammina sp., Trochammina sp., Nodosaria paupercula Reuss, N. sp., Lenticulina nimbifera Esp. et.
Sig., L. sp. 2, Astacolus laudatus (Hoff.), A. sp., Spirillina kubleri Mjatl., Trocholina alpina (Leup.), T. giganta Gorb. et Manz., and T. molesta Gorb.

The thickness is 13 m.

Member 23: yellowish gray splintery clays (1.0-1.5 m) enclosing six interbeds of yellowish gray platty
marls (0.5— 0.8 m); marls sandy, thin-platty in the lower part of the member are thicker and calcareous in the
upper part. All the marl interbeds contain ammonites, aptychi forms, rare brachiopods, foraminifers,
OStraCOdeS, and abundant fucoids. Ammonites are represented by Ptychophylloceas sp. in the lowest marl bed, by Delphinella sp.,

Biasaloceras liebigi (Opp.) in the third bed from below, and by Delphinella crimense (Burck.) Retowskiceras sp., Pseudosubplanites sp., Holcophylloceras tauricum (Ret.),
Protetragonites tauricus (Kulj.-\Vor.), Ptychophylloceas sp. in the fourth bed. In the fifth marl bed, Pseudosubplanites ponticus (Ret.), P. lorioli (Zitt.), P. combesi Le Heg.,
Haploceras carachtheis (Zeusc.), Ptychophylloceas semisulcatum (d’Orb.), Protetragonites tauricus (Kulj.-Vor.), and Biassaloceras sp. occur in association with brachiopod
Tonasirhynchia janini Lobatsch. et Smirn. Characteristic of the sixth marl bed are Pseudosubplanites grandis (Maz.), P. lorioli (Zitt.), Delphinella cf. crimense (Burck.),
Ptychophylloceas semisulcatum (d’Orb.) associated with aptychus Punctaptychus punctatus (\VVoltz). Ammonites Delphinella sp., Retowskiceras sp., Tirnovella sp.,
Biasaloceras sp., Spiticeras sp., and aptychus Punctaptychus cinctus Trauth. are found in talus deriver from Member 23. The lower part of the member hosts foraminifers
Reophax gigantius A.-V., Haplophragmoides sp., Ammobaculites eocretaceous Bart. et Brand, A. inconstans gracilis Bart. et Brand, A. sp. 1, Melathrokerion sp., Charentia
sp., Stomatostoecha rotunda Gorb., Textularia crimica (Gorb.), Dorothia pseudocostata (Ant.), D. sp. 1, D. sp. 2, Pseudonodosaria humulis (Roem.), P. diversa Reuss, P. sp.,
Frondicularia cuspidata Pathy, Lenticulina ex gr. gutata (ten Dam), L. cf. postuhlidi K. Kuzn., Astacolus cf. favoritus Gorb., A. planiusculus (Reuss), A. proprius K. Kuzn., A.
sp., Planularia madagaskariensis Esp. et Sig., Saracenaria latruncula (Chal.), S. inflanta Pathy, Dentalina marginulina Reuss, D. sp., Spirillina kubleri Mjatl., S. sp.,

Globospirillina caucasica (Hoff.), Trocholina elongata (Leup.), T. molesta Gorb., Epistomina caracolla caracolla (Roem.), and Conorotalites ex gr. bartensteni
(Bett.).Foraminiferal assemblage from the upper part is inherited partly from underlying sediments. It includes Haplophragmoides sp. 1, Triplasia sp., Charentia evoluta
(Gorb.), Pseudocyclammina sp., Textularia sp., Sigmoilina sp., Nodosaria sceptrum Reuss, Astacolus calliopsis (Reuss), A. planuisculus (Reuss), Planularia madagascariensis
Esp. et Sig., Dentalina nana Reuss, Globospirillina neocomiana (Moull.), Trocholina alpina (Leup.), T. giganta Gorb. et Manz., T. molesta Gorb., T. burlini Gorb., Discorbis
crimicus Schok. and Textularia crimica (Gorb.) much more abundant than below. Species first appearing in the assemblage are Belorussiella taurica Gorb., Lingulina
trilobitomorpha Pathy, Citharina paucicostata (Reuss), and Nautiloculina oolitica Moch. Concurrent ostracodes are represented by Bairdia sp. nov., B. sp. nov. 2, Acrocythere
aspera Donze, A. alexandrae Neale et Kolp., Pontocyprella superba Neale, P. elongata Kub., Tethysia chabrensis Donze, Cytherella krimensis Neale, “Cytherura” sp. nov.,
Eucytherura ardescae Donze, Protocythere revili Donze, Mandocythere foveata Tes. et Rach., Prodeucythere eocretacea Neale et Kolp., Pontocypris aff. arcuata Lub.,
Palaeocytherida baculumbajula (Mand.), ?Neocythere sp., and others.

The thickness is 13 m.
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The integral thickness of the Dvuyakornaya Formation in the examined sections is 360 m. Being determined
In dismembered succession, the formation is likely incomplete. It is divisible in two parts of different
lithology. The lower part (sections 1-3) is largely composed of clays with subordinate sandstone interbeds
and abundant siderite concretions. The upper part (Section 4) is characterized by thin flyschoid alternation of
clays and limestones. The uppermost part includes the “Feodosiya Marl” (Member 23 in Section 4). This
member is traceable from the Cape Svyatogo 11’1 along the Dvuyakornaya Bay shore for a distance of
approximately 2 km to become unexposed northward. The same member is also exposed in the Berriasian
sections near the Yuzhnoe and Nanikovo settlements in western outcrops of the study area. Retaining its
lithological and paleontological properties, the member can be regarded as a stratigraphic marker.

Interpretation - The data obtained make can be used to reconstruct sedimentation environments in the late
Kimmeridgian—Berriasian basin of the eastern Crimea. Flyschoid bedding (with prevalence of clays over
limestones) and almost complete absence of benthic macrofossils are characteristic of the relevant
sediments. Faunal remains are represented mainly by rare nektonic forms (ammonites, belemnites) and
numerous benthic foraminifers and ostracodes. Up to 90% studied foraminifers and ostracodes bear signs of
transportation. In addition, the lower part of the section contains pseudoplanktonic bivalves belonging to the
genus Bositra. Limestones are lumpy, oolitic (of the grainstone type), detrital. In central parts of oolites, there
are fragments of foraminiferal tests, ostracode carapaces, angular and subangular quartz grains. Frequently,
oolites develop after limestone clasts. Detrital (conglomeratic) limestones include fragments of fine-grained
limestones up to several centimeters across. Clays of the Dvuyakornaya Formation are kaolinite—
hydromicaceous, usually laminated. Sediments show presence of slumping structures.

All the mentioned features suggest accumulation of these sediments below the waves base level, i.e.,
outside the shelf. Sediments of this kind accumulate at depths ranging from 300-400 m to 1-3 km.
Conglomeratic limestones of the Dvuyakornaya Formation should probably be considered as rocks
originated by redeposition of shallow-water carbonate material on the continental slope by debris flows.
This
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This is also evident from slumping structures and mostly rounded foraminiferal tests and ostracode
carapaces. The suggested deep-water sedimentation in the Tithonian—Berriasian basin of the eastern Crimea
Is well consistent with the general paleogeographic situation of that time. In the Jurassic—Early Cretaceous,
epicontinental shelf seas with carbonate sedimentation of the Scythian and Turan plates sharply decreased in
size Deep-water sediments of the Dvuyakornaya Formation formed likely on the continental slope at depths
of several hundreds meters or deeper near the narrow shelf of the Scythian plate. This part of the Tethys was
characterized by high water temperatures (22—24°C), normal salinity, and Mediterranean fauna with
relatively small quantity of endemic species. In the north, the basin was separated by a lowland from the sea
covering the Russian plate.

Structure: First Muratov who studied in detail geological structure of the eastern Crimea defined the
Feodosiya block consisting of the Teteobinskaya, Sultanovka, and Dvuyakornaya synclines in the schematic
tectonic map of the region. In terms of the present-day tectonic concept, the study area is a part of the
Ortasyrt nappe, and the Dvuyakornaya Bay area corresponds to the Teteobinskaya allochthon (Fig. CR10A).
The Upper Jurassic—Berriasian flyschoid clay—carbonate rocks of the allochthon are deformed into folds of
different amplitude and size, which are complicated by faults. The faults are hardly detectable in clayey
rocks, and thickness of the Dvuyakornaya Formation was overestimated probably because of this situation.
Initially the formation estimated to be 800 m thick, but according to data Arkad’iev et al., 2006 the unit 1s
only 360 m thick. The formation beds dip northeast in general under angles of 20—30°. With such an attitude,
oldest layers of the formation are exposed in the southern limb of the Teteobinskaya allochthon; youngest
strata in its northern limb within the Cape Svyatogo II’1 area.

Regional significance: The unique relatively complete section with abundant fossils containing Jurassic
(Tithonian)/Cretaceous (Berriasian) boundary. These deposits are a good trace-marker within the Feodosiya
region of the Eastern Crimea. This validation point is located at the Eastern-Crimean synclinorium

Petroleum systems information: No data
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Paszpe3 ocadounozo uexna yenmpaivhvlx paiionoe Bocmouno-Cubupckoit niamgopmol uzyuen
Kpaiine HepasHoMepPHO.

Pucgpeiickue u eenockue komnaekcol 21iy0oKum dypenuem Haubdonee nojiHo 0XapaKmepu3oeaHnvl 6
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pudghpesn onucanvl na Enuceiickom Kpace u Ha ckaionax AHadapcKkoi anmexaiuszbol.
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npozuoe).

Kamennoyzonvno-nepmckue y2ienocHuvie omioxcenusn ciazarom oowiupnyio Tynzycckyro
CUHEKIU3Y, YACMUYHO HAJIOHCEHHYI0 Ha PaHHenaneo3oickyio Typunckyro (®poaos C.B., MI'Y).
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Mooenw eeonocuueckoeo cmpoenus Kyromournckoeo mecmopooicoenus (Cnasexun B.C. u op., 1999).

Ilo Komnnekcy zeonozo-zeogpuzuueckux OAHHBIX RO TAMEPATIU BbLOETIACMCA 00 7 MUNOE pa3pesa,
EMKOCHIHO-(DUIbMPAUUOHHBLE CEOUCMEA 6 KOMOPLIX YXYOULAIOMCA OM YUCHBIX 00IOMUMOE8 K
ReCYAHO-2TUHUCMBIM pasHocmam. Pacnonosicenue 301 no naowaou aenaemca Mo3audHbIM UlU
nonocosuonvim. Illpupaznomusie 30Hbl, XOMA U AGIAIOMCA YUACMKAMU UHMEHCUBGHOL
MpPeuuUH08aAmMoCmu U OPEeKYUPOBAHUL, He AGIAIOMCA KONINEKMOPCKUMU — RYCHOMbL PA3HO20
2eHe3uUca 30ech 3an0THEeHbl MUHEPATbHBIM 6eULECEOM U3-3d UHMEHCUBHOU 2UOPOMEPMATbHOIL
oesamelbHoOCmu.
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Ceiicmozeonozuueckuii pazpes ekpecm npocmupanusn Kyrtomounckozo zpaoena (cesep-102) (no
Cnaexuny u op. 1999). Pugpeiickas meppuzenno-kapoonamuasn gpopmayus (R;) — unmepean Ry,>-Ry,t:
mun paspesa: 1 -1-2-it, 2 — 3-it, 3 — 4-i1, 4 — 6-11; unmepean Ry,>-Ryy': mun paspesa: 5 — 1-2-u, 6 — 3-i,
7 —4-i, 8 — 6-11, 9 — 5-11; 10 —pugpeiickan xapoonamnasn gpopmayusa (R,), 11 - eeno




Mooenw eeonocuueckoeo cmpoenus Kyromournckoeo mecmopooicoenus (Cnasexun B.C. u op., 1999).

Ceiicmozeonozuueckuii paspes no npocmupanuto Kytomounckozo zpaoena, ¢ évloeieHuem munos pazpesa
(B.C. Cnaskun, B.E. 3unvkoeckuii, H.E. Coxonoea, E.A. /lasvioosa, I'eonozusn nepmu u zaza, 1999, 11-12)
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Mooens eeonocuueckoeo cmpoenus Kyromounckoeo mecmopoocoenus (Cnasexun B.C. u op., 1999)

CmpyKkmypHas Kapma noooui8vl 6eHOCKUX OMJI0MHCEHUS, C HAHECeHUeM PACHPOCIMPAHEHUA MUNOG PA3DPe306

(B.C. Cnaeékun, B.E. 3unvkoeéckuii, H.E. Coxom;ea, E.A. /lasvioosa, I'eonozusn negpmu u zaza, 1999, 11-12)

( A : 3onbi pazeumusn
Ny omaodcenuii 1-3
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Kapma pacnpocmpanenus omiodxcenui 1-3 munos, komopule 00veounaomes 6 6 301, ooweil
niaowaovio nopaoka 350 ke. km.
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Puc.4.2.2. Fmaporeonoruieckuii paspes KyloM6UHCKOro MeCTOPOXAGHNA.

’ U
FoOpu30HTbI, BbiAEGNEeHHbIe NO pe3ynbrTatam: ! — ucnbiTaHun, 2 — 6GypeHunA (no norno-
’ '
WeHUAM « npgnanenunM);' 3 — TepMomeTpun; coaepxaHue, %-3ks: 4 — KanbuuA,
5 — HatpunA, 6 — kanuA, 7 -- MarHuA. CBMTbl:€2_3 ev — 3BeHKUTCKaR, Clan — aHrap-

CKan, Cl bl — 6ynat‘1c»<aﬂ,€l b/s — 6enbCcKan, €l us — yconbCKan.

('maporeosiornueckue ycjaoBus..., 1987 r.)



Jlexkuusn 2. Beeoenue 6 pecuoOHAIbHYI0 U UCHOPUYECKYIO
2eonozur Bocmounoit Cuoupu

Beno

° Kak IpaBnJjI0, BEHACKNEC KOMILICKCHI 3aJICral0T HA
HMIKEJICKAIUX C IIEPEPLIBOM U PE3KHUM YIJIOBBIM HECOTJIACHEM.

* B 00oJabIIMHCTBE PaiilOHOB IIAT(HOPMBI HUZKHSAA YACTh BEHICKHX
OTJIOKEHHMH MPeICTABJIeHA TEPPUTCHHBIMHU IOPOAAMH, KOTOPbIE
BbIIIIE M0 pa3pe3y CMEHAKTCH KApOOHATHBIMHU.

* Ha noaHATHAX 00BIYHO NPOLEHT TEPPUTEeHHBIX OTJIOKEHUH
0oJibIIIe, a 001IAsE MOIIIHOCTH BeHAa MeHblue (0,4-0,5 kM npoTuB
0,7-1,2 Bo BmaagnHAax).

* Ha bailkuTckoil aHTeKJIU3e B OCHOBAHMHU pPa3pe3a BEHJACKUX
OTJIO:KEHHH MeCTAMHU Pa3BUThI KPACHOIBETHbIE TEPPUTeHHbIE
NMOPOAbI BAHABAPCKOM CBUTHI, C(hOPMUPOBABIINECS B YCJIOBUIX
AJJIIOBHAJILHOW PAaBHUHBI M MOPCKHe (MHTPECCHOHHBbIE)
KapOOHATHO-TJIMHUCTHIE OTJIOKEHHUS OCKOOUHCKOW CBUTHI. Bbile
3aseraet 150-200M ToJimaM HepaBHOMEPHOT 0 NMepecIauBaHUSA
JA0JIOMHUTOB, MECTAMM AHTHIPUTU3MPOBAHHBIX KATAHICKOM,
COOMHCKOM M TITIPCKOI CBHUT.

 T'panuny BeHaa u keMOpus B 00JIbIINHCTBE CJIy4aeB IPOBECTH
TpyAHo. Hanmpumep, Ha ballkuTcKko#l aHTeK/JIHM3e OHA HAXOAUTCS
BHYTPH TITIPCKOM CBUTHI.
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Jlexuusn 2. Beeoenue 6 pecuoHaibHy0 U UCHOPUYECKYIO e
2eonozuio Bocmounoii Cuoupu ] 1 el
Kemopui s
« KeMOpuiickue 0T/10KeHHs CJIaraloT HauooJiee MoHbIH (1- z
2 KM Ha aHTEeKJIM3aX U 10 2,5-3,5 B CHHEeKJIHN3aX) KOMILIEKC L
0Ca/I0YHOI0 YeXxJia 00/IbLIIUHCTBA paiiloHOB BocTouHOM - *
Cubupmu. .
 Ha BeHIACKHX OTJIOKEHUAX OHM 32JIETAK0T COIJIACHO. . ,
* B umeHTpajbHBIX YacTAX IJIATHOPMBI OH IPEUMYIIECTBEHHO £
CJI0KEH MepecIanBaoIIMHECS TAYKAMH COJIeil, 10JJ0MHTOB 7
Y TJIMHUCTBIX U3BECTHAKOB (yCOJIbLCKAs, OeIbCKasl, 2
OyJiaiickasi, aHrapckas M JIUTBHHIEBCKasA CBUTHI). B ] =
BepXHeil YacTH(IBEHKHUICKAs CBUTA) FAJIOTEHHbIE MOPOALI  |«|s|-| |
OTCYTCTBYIOT. [l
* B pa3pe3ax 3anagHoii yacTu miaatgopmsl paspes z : E %
NMPEeMMYIIeCTBEHHO KAaPOOHATHBIN (KOCTUHCKASL CBUTA). NHEE
* B BOCTOYHBIX M CeBePHBIX PalilOHAX B PAHHEM-CPe/JIHEM 2 > =
KeMOpPHMH MeCTAMHU HAKAIIMBAJIUCH MAJIOMOIIHBbIE (10 100  |uf |3 [ = =
M) TOJIIA OMTYMHUHO3HBIX TJINHUCTO-KPEMHHCTHIX “hy 1 =
U3BECTHAKOB (KYOHAMCKAasl CBUTA). = =
- F 5




Jekyua 2. Beeoenue 6 pecuonanvHyto u ucmopuyeckyio zeono2uto Bocmounou Cubupu

JTH OTJIOKEHHS XapPAKTEePHBI 1151
MOTPYKEHHBbIX YacTel mIaT(opmbl.

Opnosuk (10 800 m B Typunckoii
BIIA/INHE) CJI0KEH KAK TePPUTreHHBIMU
(mpeobagaoT HA 0Te), TAK U
KapOOHATHBIMHU 00Pa30BAHUSAMHU.

Cuayp npeacTaBjieH B OCHOBHOM
KapOoOHaTaMu, pexe C MPOoCJI0AMU
TepPUTreHHbIX (00BLIYHO B OCHOBAHUM)
MOPO/, MOIIIHOCTHIO OT MEPBbIX COTEH M
10 1 km (Urapo-Hopuiabckuii paiion).
JleBOHCKO-HUKHEKAMEHHOYT0JIbHbIE
OTJIOKEHHUSI B OCHOBHOM IPeJACTABJICHBI
KPACHO- M MeCTPOIBETHBIMHU MOPOIAMM.
Ha ceBepe miiar¢gopmsbl NOSABJISIIOTCS
Kap0OHaThI, MECTAMH (TAaKKe M HA
BOCTOKe, HAamp., B Kemnenasiiickou
BIIA/IHE) U CYJb(PATHO-COJIEHOCHbIE
o0pa3zoBaHMsi, HHOTIA C
BYJKAHOT€HHBIMHU 00Pa30BAHUSMHU.
MoOIHOCTh KOMILJIEKCA MOKET
pocturathb 1,2 (Hopuibckuii paiion) —
3,0 km (Kemnenasiiickasi BajuHa).

CpeaHekaMeHHOYT 0JIbHO-TIEPMCKHE
OTJIOKE€HHUS SIBJISTIOTCS
CYOKOHTHHEHTAJIbHBIMH TEPPUT€HHBIMH
U yriieHOCHbIMU. MomHocTh 10 1,0-1,5
KM (ceBepo-3anaa TyHrycckoi
CHMHEKJIM3bI).

Opooeuk-nepmo

RN L1

(e

[P0 [P N
L MBS

Cxema conocTaBneHus pa3pe3oB 0Ca04HOro Yexrna u pesepsyapoB
Cubupckor nnatopmbl (no H.B.MenbHukosbl, 1978 ).
1-5 cocmag omnoxeHul: 1- meppuzeHHbll, 2 - kKapboHamHbIl, 3 - 2nuHUCMOo-kapboHamHail,
4 - enuHucmeIt, 5 - 3ganopumopumosslli; 6 - hyHOameHm, 7-8 - 3anexu: 7 - Hegpmu, 8 - 2asa;
9 - 2paHuyb! pasepsyapsbl.




Jekyua 2. Beeoenue 6 pecuonanvhyto u ucmopuueckyio zeono2uto Bocmounou Cubupu

Bepxuenepmcxo-mpuacoeble KOMRNJ1€KCol

« Ha py0e:ke nepmMu u Tpuaca Ha 00JibIIeH
yactu Teppuropuu Cudupckoii niaar@opmsol
Pe3K0 YCHJINJIACH BYJIKAHNYECKAas
AeSITeJIbHOCTb.

T 4.

*  DTOT mpouecc NpuBeJ K 00pa3oBaHHUI0

St TPanmnoBoi ¢popmManuu, NPOIBUBLICHCH KAaK B
/’77 BH/I€ UHTPY3U3HUH, TAK U MIOBEPXHOCTHBIX

U3JIMSIHUH OCHOBHOM IO COCTABY MarMbl.

 Tpuac B 0CHOBHOM NIpeaCTABJICH
BYJIKAHOT€HHO-0CA10YHbIMH
oOpasoBanusiMu: 0a3aJIbTaMHU, Ty(POT€eHHBIMH
U TY(POreHHO-0CaT0YHbIMU MOPOIAMH.

*  MoumHOCTh TPHACOBBHIX 00PA30BAHNM
(MHACKHUH M 0JICHEKCKMH BEKA PAHHEr 0
TpHaca) Ha ceBepe TyHI'yCCKON CHHEKJIU3bI
pocturaet 3,5 kM, B ee nentpe — 0,6-1,5 km.

MarmaTtunyeckme KoMmnmekcol
Cubupckon nnatdpmbl

C.B.®ponos (MI'Y).



Humpy3suenvie KOMnjieKkcol | § ’ i Phg
KamMoOBCKMWI CBOLA I 1 ‘ \
Kytomb6uHckasi nnowanb N—t Lt vy
ia HTMZ g 161813105“"5‘3315 p-2 gBaPD- \,,\;4 3 F— 4@‘7)‘, —4-fliolnleeL l1 IK:V-.
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-------------------------------------------- = \e
1-0,5 km ——
I o 20 aoxm | |
______________________________________________________________ B .
WuTpy3um noneputoBsHa | = 0.5-0.2 L
L
KamoBckoM cBone (no A.B.Xomernxo, ARPR, o 0,2-0
2002) ~ ,
o . 150 km
*  HHTpPY3UBHBIH KOMILIEKC, C()OPMHPOBABIINIICS HA TPAHNUIIE —
MepMHU M TPHACA B OCHOBHOM NPEACTABJIEH CHJIJIAMH
JA0JIEPUTOB, HHOTAA JailkaMu («mosic O0Opy4eBa» Ha 10re 5 v
TyHIyccKoil CHHEKJIM3bI). T _Fas |1
* Ha ceBepe TyHI'ycCKOM CHHEKJIM3bI TPANbl HHOTAA ?
cocTtaBJsiioT 10 70% pa3pesa, B Apyrux paiionax 5-20%o. "
*  CuJbl HACBIIIAKOT BCE YACTH pa3pe3a, HO MAKCUMAJIbHO 3
€ro BepXHue 4acTH. 4
* K wory miargopmbl KOJIM4Y€CTBO HHTPY3UBHBIX TeJl 5
yMeéHbIIAETCH. ms i noaBoAsiLLMe KaHanbl
Tpannbl 3HAYUTEIbHO U3MEHUIH CTPYKTYPHBIN IUIAH U
CymMmapHasi MOLHOCTb CUSIOB B
NMOBJIUAIH (OTPULATEBHO) HA HE(PTEra30HOCHOCTh. OCa0MHOM Yexre 3anaaHoM YacTy
Cubupckon nnatopmbl
(no A.3.KoHmoposuuyy, A.B.XomeHko, 2001)




Humpy3uenble KOMnRJ1eéKcCol
40° 60 ° 80" 100 ° 120° 140 °

l Baikal Lake

-

{70°

+Z. . = Outline of the Siberian Traps [[l] Regions of distribution of mainly tuffs and tuffites

- Regions of distribution of mainly lavas - Regions of distribution of mainly sills
Siberian Traps (modified from Masaitis, 1983). WSB — West Siberian Basin, ATB — Angara-

Taseevskaya syncline, N — Noril’sk, MK — Maymecha-Kotuy.

http://mwww.mantleplumes.org/SiberiaAmphibole.html



Jekyua 2. Beeoenue 6 pecuonanvHyto u ucmopuueckyio 2eono2uto Bocmounonu Cubupu

- — ————

Bocmounasa Cuoupv ¢ Konye nepmcko2o nepuooa (“Bokpyr Crera”, Nel (2820), 2009)



Jlexkyusa 2. Beeoenue 6 pecuonanvHylo u ucmopuueckyio 2eono2uto Bocmounou Cubupu

BHemacwTtabHasa Mmogenb reoguHaMuUKu 3emMnum
KOHTWHEeHTanbHas

BHelwwHee xuakoe
aapo

BHyTpeHHee TBepaoe
Aapo

HWXHAA MaHTUA

BHeLLHee Xuakoe sapo

Buemacuwimaonan ceoounamuueckas mooesio

cospemeHnnou 3emau. Kermovim noxazansi
oMbl

Teoounamuueckas mooeiw

cospemennoii 3emau. Kpacruvim
NOKA3aHbl NIIIOMBbL.

Pucynku A.M.Hukummna (MI'Y).



Jexkyusn 2. Beeoenue 6 pecuonanvuyro u ucmopuueckyio 2eono2uro Bocmounoi Cuoupu
"H" r

Jaswl 3anuearom 0o 2/3 nnowaou Bocmounonu Cubdupu, Jleusicyumquiica nomok
Gopmupya muozocnoiinvle 6azanbmogvle niamo, KOMoOpvle  Gazanbmoeoil 1a6vl HA
svipadicenvl 6 ude CpeonecudupcKko20 nioCcKo2opbv 6 T'asaiickux ocmposax
paitone pex Huscnss u Ilookamennan Tynzyccka, Kypeiuka,  («naiixoe-xoey).
Komyii, Anabap u Bunwii.

®dororpaduu npenoctasnensl E.FO.bapadomkunsiv, MI'Y



Jekyua 2. Beeoenue 6 pecuonanvhyto u ucmopuueckyio zeono2uto Bocmounou Cubupu

Cnpagka: 6azanrvmsl mpannoeoii popmayuu Bocmounoii Cuoupu
6 Tynzycckoiui cunexiuze o0pa3oeanucs 603M0IHCHO 6 meueHue He
oonee 8000 nem. Onu nokpovLau 00 7 MUNIUOHOB8 KEAOPAMHBIX
Kuiomempoe cywu. U3 nedp ovino eviopoweno 2-3 man kmd
BYIKAHUYECKUX MAMEPUAN08, 8KNI0YAS MUTUOHBL 2U2AMOHH
08yoKucu y2nepooda. Imo npueeno K yeeaudeHuio ee
Konyenmpauuu 6 ammocghepe ¢ 7—10 pa3. /lna cpasnenusn: eciu
yenogeuecmeo ¢ meuenue 100 nem coixncorcem e6ce umeroujuecs
3anacsl UCKONAEemMo20 MmOnauea, mo Mo NOGbLICUM COOEPIHCAHUe
Y2ineKucno2o 2aza 6 ammocgepe ¢ 2—3 pasza (“Bokpyz Ceema’,
Nel (2820), 2009).

Bmewarowgumu ona 6azanvmoe nopooamu A6AA0MCA moauiu
Y2IIeHOCHOU MYHZYCCKOU Ccepul.

Ilo cocmagy 3mo necuanuku paiuuHou cmenenu 3ePHUCmocmu,
ap2uiiumal, aj1€6POJIUMbL, 2PAGETIUMbL, PEOKUE MATIOMOUIHDLE
nPOCI0U KOH2IOMEPAMOE8 U NJIACHIbl KAMEHHBIX Y2iell 00
anmpayumos. Mowgnocms 0ma0X3ceHUil MyH2YCCKOUl cepuu
cunvno eapvupyem: om 20-40 mempoe na ceooax eéanog 0o 600
bazanvmur nramo Ilymopana Mempoe 8 0CeBblX YaACMAX NPO2UDO8.

(Bocmounas Cubups), Ilomumo y2na, 00HuMmM u3 earcHeuuiux u CmpamezuyecKux
uziueuiuecs noumu NOJIE3HBIX UCKONAEMBIX IMO20 PECUOHA ABIAEMCA HUKETb, 00HO U3
MZHOBEHHO — 6C€20 3a mulcAUy MecCmoposHcOeHUIl KOMOopo20 J1OKAITUSUPOBAHO PAOOM C

Jiem, 00CMuU2arom moauiuHbl Hopunsckom.

1,8 km (“Bokpye Céema”, Nel
(2820), 2009)



Jekyua 2. Beeoenue 6 pecuonanvhyto u ucmopuueckyio zeono2uto Bocmounou Cubupu

Iepenecemca 6 nepmckuit nepuoo (299-251 man nem nazao). K eco konuy evimepio
oonee 200 (60—-80% nosasuswiuxcsa ¢ nauane naaeo30UCKoil IPvl) CEMEUCHE HCUBIX
opzanuimos u 00 80—-90% euooe sncusommuuvix u pacmenuii. B umoze 9 6uooe usz 10
nozuoau. Camole Oopamamuynvle COOLIMUA NPOUZOULTU 8 MOPAX U OKeaHnax, 20e om 250
mMblCAY OCMAI0Ch MOALKO 0K0J10 10 muicau euoos. B eooe evimepno 95%, a na cyue —
70% 6uooe opcanuzmos. Boimupanue ounozaepos u opy2ux cyuiecme 8 KOHue me3030s1

ObL10 6 mpu paza caaoee. ]

Bo emopoit nonoeune nepmckozo nepuooa 2/3
niaowiaou cynepkonmunenma Ilanzeu,
00beOuUHnABUIE20 MO20a 6CE MAMEPUKU, OKA3BIBAIOM A
noo eéaracmoio 3acyxu. B Bocmounou Cuobupu u3
2U2AHMCKUX 2TIYOOKUX MPeuiUH Ha NOBEPXHOCHLb
3eMU BLLIUBAIOMCA MUIUOHBL KyOUUecKux
Kujiomempoe 0a3anvmoeoil 1aevl, KOmopas meuem no
PABHUHAM U HUBMEHHOCHAM, BbIHCUAA 6CE BOKPY2.
Jlaewt 3anuearom 0o 2/3 nnowaou Bocmounoii
Cuoupu, popmupys mnozocnoitnvie 6azanpvmoswvie
naamo.




Jekyua 2. Beeoenue 6 pecuonanvhyto u ucmopuueckyio zeono2uto Bocmounou Cubupu

T7O'N

B5'N

(55E 85'E 75°E

Kara Sea

iaof

vt
...........
.........
ey, 2

Craton

Bl Outcropping basaltic lavas

:‘\." 2 w&m - Quicropping basaltic tuffs
I, 77 Extent of intrusions
N u"'.‘
WY or I subcropping basalt
Someitau " e Extent of Siberian LIP
Complex

é Major rits & Boreholes

rst.gsfc.nasa.gov

Kap omcrooa nocmenenno pacnpocmpansemcs
Ha 6ce 0onbUIUE PACCIMOAHUA, 8bICYULUBAS PEKU
U ucnapasn 20pu3oHmaol n003emMHbIX 600. K
KOHUy nepuooa evliueaemcs 00 2 Ml Km®
J1a6vl. Imu 271yOuHHbBIE PA3IOMbL NOABUIUCH 8
pe3yibmame yoapa CHU3y U2aHmcKoul Kanau
MaAZMAMUYEcKo20 eewyecmea, uiu nioma,
Komopbwle u ce200H: pecyisapHo Ompvléaroncs
om eéneuwine2o a0pa u 3a 5-10 man nem
oocmuzarwm noeepxnocmu. Kpome
MEXAHUYUECKO20 PA3PYUIeHUs 86EPXHUX C10€8
3EeMHOIL KOPbl, NPOUCXO0OUN UX NIAGTICHUE
cruu3sy. Ilo mpewjunam mazma u3 Heop 3emau
8bL1UGACMCA HA NOBEPXHOCHID.

Maccosoe svimupanue (MB) - smo
OMHOCUMENbHO KDAMKOBPEMEHHOE U 6
macumaoe 2e0n102uecKozo epemeHu
CUHXPOHHOE CIHMYNneHYamoe 6bIMUPAHUE 8 X00e
Ouomuueckozo Kpuzuca 001bui020 4ucaa
MAKCOHO8 0P2AHU3MO8, RPUHAOJIEHCAUUX
PA3TUYHBIM CUCEMAMUYECKUM U
IKOSI02UYUECKUM PYRNAM, YO NPUECOOUM K
B8PEMEHHOMY 21100ATIbHOMY CHUNCEHUIO

MAKCOHOMUUECKO20 PA3HO00pa3us ouocgepul
(A.C.Anexcees, MI'Y)
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CIIEHAPHUH MB:

1.BBIBPOC B ATMOC®EPY BOJIBIIOI'O KOJIMYECTBA YITIEKUCJIOI'O I'A3A U ITAPOB BOJbI -
ITAPHUKOBBIX I'A30B, BBI3BIBAIOIIIUX ITIOBAJIBHOE ITOTEIIVIEHUE

2.COKPAIIEHHME IIJIOIIAIHN JIECOB U3-3A ITIOKAPOB U 3ACYXH, CABUI' BAJIAHCA KUCJIOPO/-
YIVIEKUCJIBIN TA3 B ITOJIB3Y NOCJAEIHEIO

3.PA3OI'PEB IOBEPXHOCTHU 3EMJIN, COKPAIIEHUE HA CYHIIE NHCTOYHUKOB BOJbI U3-3A EE
AKTUBHOI'O UCITAPEHUS, ITOABJIEHUE CYXUX I'PO3 (10KIb UCITAPAETCA HA L
MOBEPXHOCTBIO PA3OI'PETOM 3EMJIN)

4. AKTUBHOE UCITAPEHHUE BOJIbI IPUBOJIUT K OCJOJEHUIO BACCEMHOB U NX
NCYE3HOBEHUIO HA CYHIE. DPPEKT «3ACAJIMBAHUA 3A’KUBO»

S5.«IIEPEJ IIVIIOMOM» BbIJIO OJIEAEHEHUE, U JIBAbI TAIOT, YPOBEHb MUPOBOI'O OKEAHA
HOAHUMAETCHA (A0 200 M!), MOPCKHUE OBUTATEJIN MEJIKOBObS CHAYAJIA TUBHYT OT
OINPECHEHMS MOPCKOM BOJIbI, A IOTOM - «TOHYT». BBIMUPAHUE HAYAJIOCH C KOPAJLJIOB.
6. MCITAPEHUE HAUMHAET ITPOEBJIAJIATh HAJI OCAJIKAMMU 110 BCEA T'MJIPOC®EPE, YPOBEHb
MHNPOBOI'O OKEAHA MAJAET, A COJIEHOCTbB PACTET. D®PEKT «3ACAJIMBAHUSA 3AKNBO» B
OKEAHAX

/. TNOHUKEHUE YPOBHSA MOPA HA 200 METPOB ITIPUBOIUT K PASMOPO3KE 3AITACOB
CXKHUXKEHHOI'O METAHA HA THE MOPEI 1 OKEAHOB (MJIU TA3OTUPATOB) — OJJTHOI'O U3
CAMBIX CUJIbHBIX TAPHUKOBBIX I'A30B. TA3OT'HIPATHI 3AJIETAIOT HA 3HAUNTEJIBHOM
INTYBUHE U IOT'PEBEHBI JIOHHBIMUA OCAIKAMMU. UX PASMOPO3KA INIPUBEJIA K
KATACTPOOUYECKOMY BbIGPOCY HETBIPEX TPUJIVIMOHOB TOHH METAHA B ATMOC®EPY B
BUJIE TITAHTCKUX ITY3BIPEMN.

8.9TA TABOBASI ATAKA COKPATHJIA JOJIO KUCJIOPOJA B BO3JIYXE /10O 16% (CEMYAC OHA PABHA
21%), SHAYUT BCEM KUTEJISAM 3EMJIM CTAJIO TAXEJIEE JIBIIIATD. B 'OPAX 1 HA
BO3BBIIIEHHOCTAX, I'’1E BO3AYX PA3PAKEH, KHCJIOPOJA MEHBIIE BCEI'O. TEIIEPH OTA
T'PAHUIIA BBICTPO OITYCTHUJIACH BHU3 HA COTHU METPOB BHU3, COTHAB BCEX KUTEJEN
CYIIU K HU3MEHHOCTSM BEPETOBOM JINHUU ITAHT'EM.
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T T N e T TA3OTI'1IPATHBI MTHUIIMUPOBAJIN INIOBAJIBHOE
/ | IOTEILTEHUE, BBI3BABIIIEE HATPEB ATMOC®EPBI,

| THIPOC®EPBI U IUTOCDEPHIL. B UTOT'E ITOYTH
| BCE CYHIECTBA CYIIX 1 MOPS MOJYUYUJIA
| TEILIOBOM VJIAP.
: BYJIKAHUYECKAS JEATEJIBHOCTb HACBITIJIA
ATMOC®EPY PA3JIMYHBIMU COEJIVUHEHUSMUA
XJIOPA U CEPBI, UYTO PA3PYIIINJIO O30HOBbBII
iy | CJION. JKECTKOE YJIbTPA®HOJIETOBOE

| HI3JIYUEHUE U CEPHOKUCJIBIE JOXIU
' | BBIDKUTAJIA PACTUTEJBHOCTH Y )KUBOTHBIX. HA

| BOJIbHINX KOJTUYECTBAX PACIVIOAUJINCH I'PUbbI
il 1 IMIIAMHUKH, BOJIEE TEPIIMMBIE K TAKUM
IKCTPEMAJIbBHBIM YCJ/IOBUSAM.

BEUHAS MEP3JIOTA CUBUPH TIPU
PABMOPAJKUBAHUUN HACBITUT ATMOC®EPY
METAHOM. METAH B 20 PA3 BOJIEE CUJIbHBIN
MMAPHUKOBBIHN I'A3, KOTOPBIM MOXET TIPUBECTH
K BBICTPOMY (HEJEJINU-MECSIIBI)
CKAUKOOBPASHOMY MOTEILIEHUIO.

101 WWW.EDENGARDEN RU

bepmyockuit mpeyzonvnuk — mecmo MITHOBEHHOI 'O ucue3nogenus KpynHwvlx cy006 6cjiedcmeue
6CNIIBIMUSA 0ZPDOMHBIX NY3bIPell MEMAHa
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Hopunvckuii pyonulit paiion pacnoioxcen 8 ce6epo-3anadHoil uacmu 00Kemopuickou
Cubupckoni naamghopmel 601uU3U €€ COBPEMEHHBIX ZPAHUY C HATOHCEHHbIMU
CIMPYKMYypamu Me30301CKO-KAHO301iCKO20 803Pacmd, OMHOCAUWUMUCA K 3anaoHo-

Cuoupckoui naume u  Enuceiicko-Xamanzckomy  pugpmozennomy  npozuody
(Ilymesooumens, 1994).

Ilo oaunnvim 2nyounnvix ceiucmuyeckux uccieoosanuii Hopunvckuit paiion
XaApaKmepu3zyemcs yCmouuublmM mpexuieHHbIM Pa3pe3om 3eMHOIl KOpbl, COCMOoAUuell
U3 @yJIKAHOZEHHO-0CA00UHO020 uexna (mouwiHocmovio om 3-5 0o 13-15 km), eepxmezo
(mownocmero  10-14 km) u  Hudcneco (mowgmocmwro 24-28 km) cnoes
KOHCOUOUpPo6anHou Kopwl (Asemucoe, 1984).

B paszpese uexiia npucymcmeyrom Kap60HamHo-meppuzeHHble OMJI0IHCCHUA 6EPXHELO
npomeposoA, Kapﬁonamuo-anunucmble Cyﬂbd)amOHOCHble mojiiiu HUICHE20 U
CPEOHBZO naieo3os, 6yJIKAHO2€HHble I’lOpOObl 6EPXHE2O nNA1€03051 U ME€30304, A4 MAKIHce
poixiible 06pa306auu}l Me30305 — KAHO030A1.

Hopunsckuit paiton cocmoum u3 /[younckozo u Xanmaiicko-Polonunckoz2o eanoe na 3anaoe u
80CHI0KE, CTLOMHCEHHBIX 0CAOOUHBIMU NOPOOAMU BEPXHE20 RPOMEPO30sL U HUNCHEZO0 NAle0305, d
maxyce Hopunvckoit, Bonzouanckoit u Xapaenaxckoii myivoamu, 3anoJ1HeHHbIMU MY o-
J1A806LIMU 00PA306AHUAMU NO30OHEN NEPMU - PAHHE20 mpuaca u omoenarouwiueca Umazouno-

Jlemuunckum paznomom om KpynHou cmpykmyprou eounuysl - Tynzycckoii cunexausol (Paoos,
2001).
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Inhameopmennwiit uexon umeem ¢ Hopunvckom paiione 08yunennoe cmpoeHue u cocmaeniem
oonee 12 km. B e2o ocnosanuu 8vl0e1A10MCA C1O0HCHO OUCTIOUUDPOBAHHBIE, HO C/1AD0

memamophuzosannvie 0cadouHvle U 8YJIKAHO2EHHbIE 00PA308aHUA pugesn oouieit MOWHOCMbIO
0K0710 3500 mempoes

Pucdgpeir:

1) cepuyum-xnopumoesie cianyvl naiaxunckou ceumul (Rph) mowgnocmuro oonee 700
Mempoa,

2) Kpacnoueemmubvle KeapuumosuoHvle necuanuku 2younckou ceumul (Rgb) mownocmoio
1000 mempos,

3) 0onomumul meosexcunckou ceumol (Rmb) mowgnocmuio 1300 mempoeé u uzeecmusaxu,

4) 0oonomumul u 2iunucmole ca1anybl uepropeuenckou ceumsul (Rcr) mouwnocmoro 500
Mempoes
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Beno - nuscnuit kemopuii

1) pyonunckasn (Vrb, mowgnocmo 6onee 720 mempos)
2) epemakunckasa (Vgk, mowgnocmo nopsaoka 275 mempos)
3) nonoanckaa (V-€pl, mouwgpocms 00 550 mempog) ceumot.

B ocnoeanuu smux oopazoseanuii nogcemecmuo Haoda00ames naacmsl Kapueavix
NEeCYaAHUKO8 U KOH2IIOMEPAmoe.

Buviue cnedyrom pummuuno-cioucmeole u36eCMHAKU U 00J10MUMbBL C NPOCOAMU Mep2enell U
NeCYaHUK08, NOC/1eOHUe (huKcupyom omoebHvle MPaAHCcZPeCcCU8Hble MUKPOUUKIIBL.

Oowana mownocmos paspeza nOCMeneHHo YMEHbUIAencs ¢ 3anada Ha ceeepo-60CmoK om
1500 mempoe 0o 420-480 mempoe
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Kpacnonoposcckan ceuma (€,Kp) coznacno nepexpvieaem nudcenexncaujue
OMJI0MCeHUs  NOJOAHCKOU céumwvl U npeocmasnaem coOOll  2NUHUCHMO-
Kapoonamuule nopoovl ¢ “KAuHbAMU” 001OMUMOBLIX (hauuil cpeou U38eCHmHAKOS
¢ 00bUIUM KONTUYECHB0OM OP2AHUYECKUX ocmamKo8. B npedenax cesepnoii wacmu
paiiona, no mamepuanam ckeaxcun FOxcno-Ilacunckoi naowaou, mowyHocmo
ceumbwl He npesvluiaem 123 m.

Yemuvopycckas ceuma (€,Ub) maiickoco 603pacma ¢ mpancepeccusHvim
Hecoznacuem 3anezaem HA HUNICHEKEMOPUIICKUX 00pA306AHUAX U C1A2aemcs
necmpouGemHoOlu  meppuZeHHo-KapOoHamuou  gopmayuen ¢  NPUZHAKAMU
ME0eHOCHOCIMU U NnpoAeieHa 6 Oacceiune Xanmailku Ha ceeepe palloHa
(Toocuros, 1988). Mownocmo ceumot mensemcs om 150 mempos (p. Kynomos)
00 250 mempoe na 1020-60cmoKe meppumopuu.

Bepxnue kemoOpuiickue omaodcenus  npeoCmMasieHvl  OGYMA  Ceumami,
HePeKpLIGAIOWUMU €  HECO2Nacuem YCmbOpyccKue Hopoobl. HUMNCHEU —
yonkunckoii (€,CP) u eepxneni — myKonanouiickoi (€5tK) ¢ paemnomepno
ymenvuarowumuca mownocmamu (om 520 m) Kk 60cmoKy - ceeepo-60CmoOKy 00
470 m u 350 m coomeemcmeenno. Qbe céumvl OMHOCAMCA K CYAbhamuo-
meppuzenno-kKapoonamuoii gopmauuu. B nepeoit u3z ceum npucymcmeyem
O0OMaHUKO8A hauus ¢ WUPOKUM DA36UMUEM OJTUCHOUMOGHIX 00PA308aAHUIL,
POIb KOMOPBIX 603PACHIACH MAKCE K 60CHOKY.
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Yizypckas ceuma (O,UQ) cocmoum u3 necmpougemusix cyibphamHuo-meppuzenno-
Kapoonamuwvlx oopazoseanuii mouinocmoio nopaoka 350 mempoe. Konmakmul c
0oniee OpeHUMU KeMOPUICKUMU U MOT00bIMU HOPOOAMU UTbMBIKCKOU CEUMbL
coziacHule.

Hnomuikckasn ceuma (0O,4il), 6 cocmase xomopout ewvldensromesn oOoromum-
U36ECMHAKOGBIE U 2IUHUCHO-00JIOMUM-U3BECHHAKOGLIE OMILONCCHUA, UMEem
mouwgnocmob om 600 0o 800 mempos.

I'ypacupckas ceuma (0O,Qr) 6nuzka no cocmagy K HpeOblOyWUM CEUMAM U
npeocmaesnaem coooil necmpousemHyro cyibpammuo-KapooHammo-meppuzeHHyr ¢
leMeHmamu necuano-kKeapuesoii popmayuu. Mownocms ceumasl eapvupyem om
100 mempose oo 180 mempos. Ona cozracno nepekpwvieaem noocmunarouiue
UIbMBIKCKYI0O C6UMY U CO cmpamuzpagpuuecKkum nepepvieom nepexpvléaemcs
AMAapPKaAHCKOU C6UMO.

ITecmpoysemnan amapranckasn ceuma (0,am) xapaxmepuszylomcsa cyuiecmeenno
Oonee evicokoui cmenenvto ""meppuzennocmu'’’ no cpasmnenuro c donee opesHumu
(AHAIOZUYHBIMU RO COCMABY) CBUMAMU U UMeem HeDOoNbulyl0 MouwjHocmb, 00 S0
Mempoe.

3azopnunckaa ceuma (0,20) npu evldepicannocmu cocmaea (mepzenu,
ap2uiiumsl U OP2AHOZEHHO-0€MPUMOBble U36ECMHAKU) HENOCMOAHHA No
MowgHOCIMU, Komopas Koneonemcsa 6 npeoenax 3-40 mempoe 6 3aeucumocmu om
6eIUYUHBL  NPEOCUYpuUiicko2o  pazmviea. Konmaxm ¢ Hudxcenexycaweil
AMAPKAHCKOU C6UMOU CO2/IACHbLUL.
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Yamounckaa ceuma (S;CM) cpeonenanoosepuiickozo 603pacma CioHceHa ZPanmoiaumossbimu
apuniumamu ¢ RnpocaoAMu  OP2AHOZEHHbIX U36ECMHAKOE U KOHKpEUuamu nupuma.
Mownocme ceumuvl 0ocmamouno evloeprycana no naowaou u cocmaenaem 100-130 mempos.
Ha o0onee Opesnux  (0OpOOBUKCKUX)  OMJIOMCEHUAX  OHA  Jiedcum ¢ KPYHHbIM
cmpamuzpapuueckum Heco2nacuem, Ho Co2IACHO NEPEeKPbIma maauKumcKou céumou.

Tanukumckasn (Sitl) u omuymaxckasn (S,0M) ceumsl cpedne-6epxnenandos8epuiickozo o3pacma
OMHOCAMCA K 2INUHUCHMO-U3BECHIHAKOBOU (hopmauuu ¢ npeodradaHuem opzaHo2eHHbIX
uzeecmuakos. Mownocmo ceumut 205-300 mempoe 6 paiione Hopunvcka u 0o 330 mempos 6
oacceiine pexku Kynromos (02 Hopunvckozo pyonozo paiiona).

Xokmunckan ceuma (S;hK) eennokckoco sapyca cnosxcena maccugHviMu Kopanioeo-
CHPOMAMONOPOGLIMU U3BECHHAKAMU, HACMO C HCEN6AKAMU KpPeMHell, 6 6epxax paspesa -
2TUHUCHBIMU  JHCENBAKOGLIMU  U3BECHMHAKAMU C NPOCAOAMU OP2AHOZEHHbIX. B  paitone
Hopunbcka mownocmo ee koneonemces 6 npeoenax 66-90 mempos, ¢ oacceiine pex Kynromos -

oo 130 Mempoe. Konmaxkm c nusice- u eovlueniexcawiumu 06pa303auuﬂmu CO2/1ACHbLUL .

Makycckasa ceuma (S,mK) s1yonoeckozo eo3pacma xapaxmepusyemcs CoMcHOU U366CIHAKOBOU
c 9Inemenmamu  pugoudnou  gopmayueir ¢ NOGLIMEHHOU  OONOMUMUCHOCMbIO U
cynbpamonocHocmoto 6 eepxueil uacmu paspeza. Mownocms ceumut cocmaensem 80-100
Mempoe.

Ilocmuuunasa ceuma (S,pS) Konua nyonoea oopaA306aHaA HEPAGHOMEPHO NEPECIAUSAIOULUMUCH
uzeecmuaKkamu, ooaomumamu, mepzeaamu u ancuopumamu. Ha noonamuax (/younckuit u
Xaumaiicko-PolOHuUHCKUIl 8a1bl) MOUWHOCMb NOPOO ceumsl He npesviutaem [(5-80 mempos, 6
3onax npozu6oe oocmuzaem 100-120 mempoes. Ilocmuuunas ceuma co2nacHo nepeKpvléaem
HUICeNedcauiue MaKyCCKue OmaoMHceHus.
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Amnaxmunckaa (D;jm) u xpedémoeckas (D hr) ceumsr npedcmasnenvt nenpepviéHvim
paspe3om 0OHOMUNHBIX KAPOOHAMHBIX HOPOO C MHOZOUUCIEHHBIMU RPOCAOAMU 2UNCA U
aH2uOpuma, NOMUMO KOMOPIX 6 NEPEOIl U3 CEUM UHO204 NPUCYMCIMEYIOM JIUH3bL U ZHe30a
uenecmuna. Mownocmu ceum 100 u 80 mempoe coomeemcmeenno.

3yboeckan ceuma (D zb) cnoxncena cepousemuvimu Oonomumosvimu mepzenamu,
nepecnauearnuUmMuca ¢ 2AUHUCMBIMU O00JIOMUMAMU, APUITUMAMU U AHZUOPUMAMU
oowenn mowgnocmoto 100-150 mempos. B Hopunvckom paiione mecmamu ommedaemcs
Heco2nacHoe 3anezanue 3y006CKOU C6UmMbl HA XPeOMOGCKOU ceume.

Kypeickaa ceuma (D.Kr) npeocmasnena necmpousemuvimu Oonomumucmoimu u
U38ECMKOBUCHBIMU APZUTTUMAMU U MEP2eNAMU C PEOKUMU RPOCAOAMU A1€6POTUMOE U
uzeecmuakoe. Mowynocms 60 6cex munax paspe3a 0Cmaemcs nPaKmudecKu NOCMoOAHHOU U
Koneonemca ¢ npedenax 50-60 mempos. Konmakxmor ¢ Hudce- u evluienexcaujumu
00pa3zosanuamu coiacHole.

B cocmase pazeedoununckoii ceumst (DrZ) npeobnadarom necmpousemnuvie anespoiumol,
necuanuKu, zpaseaumsl, o00Opazyrwujue mpamnczpeccusnovle mukpoyuxavl. Kpome moczo,
ceume C6OUCHEEHHA 3HAYUMENbHAA (Pochamonocnocms U npumecs NUPOKIACHMUYECKO20
mMamepuana Kuciozo cocmaea. Mownocms ee nHa noouamusax He npeeviuiaem 110-150
mempos, a 6 npocubax oocmuzaem 150-235 mempos, npuuem K 102y pe3ko ymenvuiaemcs
8N10Mb 00 NOTHOZ0 GLIKTUHUBANHUAL.



Jekyua 2. Beeoenue 6 pecuonanvHyto u ucmopuyeckyio zeono2uto Bocmounou Cubupu

Manmyposeckasn ceuma (D,mt) cpednezo oesona c pazmvieom 3anezaem HaA OMJI0HCEHUAX
PAa36€00UHUHCKON CGUMbBL U RPeOCmasisiem coOoil meppuzeHHo-KapoOoOHAMHbLIL paspe3 C
MOWHBIMU  COTICHOCHBIMU  MOIWAMU, 00NbUIell YACMU KOMOPLIX COOMGEHCHIEYIOM
kamennwte conu. Mownocmo ceéumaut 0o 500 mempoe.

B rwoxmunckoii ceume (D,jK) na noomamusx npeoonadarom meppuzenno-kapooHamusle
ocaoku mownocmoto om 12 0o 40 mempos, 6 npocubax — cyivghamonocnvie MOUHOCMbIO
00 55 mempos. Konmakmol ¢ noocmunarouieii MaHmMypoGCcKoOUu C6UMOU U GbLULEIEHCAUUMU
OMJL0JCEHUAMU CO2NACHDLE.

Haxoxo3ckaa ceuma (D3;nK) eepxnezo oesona cnosicena cynvgpamonocnoii znunucmo-
KapOonamuou necmpoyeemuoil hopmavueii, MOUWHOCHb 0CAOKO8 KOMOPOU HA NOOHAMUAX
2-60 mempos, 6 npozubax yseanuuusaemcs 0o 80-130 mempos.

Kanapzonckaa ceuma (D;Kl) xapaxmepuszyemca mownvim cepoysemnvim meppuzenno-
KapOOHAmMHBIM PA3pe3om, npudem 6 npozudax npeoodnaoarom 0010MUMbL, 00JIOMUMOBHIE
mepzenu, 00J10MUmMUcCmvle U38eCMHAKU U ancuopumul. Mownocms céumul cocmaensiem
170-270 mempos. Kanapzonckas ceuma co cmpamuzpauueckum Hecoziacuem
nepekpuvleaem 00/1ee M0100ble HAKOX03CKUE OMI0MHCEHUS.

@oxunckaa ceuma (D;fK) ¢pamencrkozo epemenu oopasosana reanopumosoii cynvghamno-
meppuzZeHHO-KapoOOHAMHOU moauell, Komopas COXPAHUIACb 6 OCHOBHOM 6 npeodenax
npo2u6o8 u npeocmasieHa AHZUOPUMAMU, MEP2eNAMU O00JIOMUMOBLIMU C NPOCIAOAMU
U38ECMHAKOB, TUH3AMU KAMEHHBIX COJIel U 2TUHUCMO-KapOoHamHblx opekuuit. MowHocmb
ceumut 220-420 mempos, pesce 500 mempoe (3anaonas uacme Bonozouanckoi mynsost).



Jekyua 2. Beeoenue 6 pecuonanvHyto u ucmopuyeckyio zeono2uto Bocmounou Cubupu

Xanenvopunckas (Chn) u cepeopanckas (C,Sr) ceumwvt mypheiickozo apyca cioiceHvl
00/10MOUHO-0P2AHOZEHHBIMU  U36ECMHAKAMU, UHO20a4 C JIUH3AMU Kpemuel. B paiione
Hopunbcka smu nopoowvt coxpanuiuce aumb 6 yHACAE006AHHBIX NPOZUOAX, HA OCMATbHOIL
meppumopuu MOWHOCHb UX 00CIMAmMo4Ho évloeprcana u ne npessiuiaem 65-80 mempos.

Tynopunckaa ceuma (Citn) eu3eiickoco 6o03pacma o06pazoeana necmpoyemMHbIMU
Mepzenamu ¢ NpoCaoAMU CUNCO6 U AH2CUOPUMIOB, CHIENEHb MEPPUEHHOCHMU KOMOpPbIX
go3pacmaem K ceeepy, MOWHOCmb ux 30ect He npesviuiaem 150 mempoe, na 3anaode
Hopunbvckoit u Bonzouanckoiw mynvo oocmuzaem [0-114 mempos. Konmaxm ¢
Hudcenexcauiell moauiell cepeopaHCcKoll C6UMbl CO2IACHDLIL.



Jekyua 2. Beeoenue 6 pecuonanvHyto u ucmopuyeckyio zeono2uto Bocmounou Cubupu

Tyncycckaa cepusa (C,-P,) 3anecaem na noocmunawouwux nopooax Hudx cHe2o KapooHa co
3HAYUMENbHBIM Y2T108bIM HECO2IACUEM, GeTUYUHA IPOZUOHHO20 8pe3a MeHAaemc: 00 1 km Ha
paccmoanuu 5-10 km.

Tynzycckas cepus npunadiedcum y2ieHoCHol TumMHo-napaiuueckou popmayuu. Ilo cocmasy

ImMo necuanukKu pa&wulmoﬁ cmenéeHu 3eprucmocmu, apcuiyiunsl, aieepojiumasl, 2pasejiunmasl,
pe&xue MAIOMOULHBLIE NPOC/IOU KOHZIIoMepamoe U njiaCmbvbl KAMEHHbIX yz./zeﬁ 00 anmpauumaoe.

Mouwinocms omnosxceHuit myH2ycckou cepuu cuibHo eapvupyem: om 20-40 mempoe na ceooax
64106 00 600 mempoe 6 ocesvix uacmsax nPo2udoe.

B coepemennon cmpamucpaghuueckoit cxeme myHnzycckas cepus noopasoensemcsa nHa [ ceum:
ancekauckyro C,ap (0-25 m), aowvinikanckyro C,,ad (0-80 m), pyonunckyrw C,-Prd (0-80 m),
oanovikanckyrw P.dl (0-60 m), wumuomunckyro P,sm (8-65 m), kaiiepxanckyro PKr (15-85 m) u
amoaprunckyro P,am (0-70 m). Bce ceumut pazoenstomes ¢ moi unu uHou mepe 3HA4UmMe1bHolMU
pazmoieamu. Ilnacmer KamenHblX y2iei padouei. MOWHOCHU UMEIOMCA 6 Oal10blKAHCKOU,
WMUOMUHCKOU U KaUepKAHCKoU ceumax. B eepxmneii wacmu myHnzcycckoi cepuu nosaeiaemcs
npumecs, NUPOKIACMUYECKO20 Mamepuana, Hauooaee 3 HaYUmenbHaAs 6 AMOAPHUHCKOU ceume.



Jekyua 2. Beeoenue 6 pecuonanvHyto u ucmopuyeckyio zeono2uto Bocmounou Cubupu

-

% Ilopoowvl mynzycckoii cepuu,
' npedcmasiieHHblE:

a - necianuxkamu pa3ﬂulm0ﬁ
3eprucmocmu,

0 - apaunnumamu (6epxuasn
uacms CHUMKaQ) U
zpaseaumamu (HUMHCHAA
yacms CHUMKa) (Cmonoux
Kephna cxeaxcunvt OM-0,
COOMEemcmeyrouiuil
enyoune 1074,0 mempa,
WUpUHa KepHa Ha
domozpachuu 52 mm),

6 - amnmpauumamu
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Cesepnana Agppuka: puzuueckan kapma

Physical map of North Africa
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Cegepnoit Agppuxu
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C.S. Swezey/Journal of African Earth Sciences 53 (2009) 89—121
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Cesepnan Agppuka: zeonozuueckan kapma

Bedrock geological map of Africa
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Fig . Schematic geological map of Northern Africa, Central Africa and Arabia
Legend: AG, Abu Gharadig; B, Bioko; CAFZ, Central African Fault Zone; Cyr, Cyrenaica; E, Eratosthenes Seamount; JP,
Jos Plateau; P, Principe; Pag, Pagalu; S, Salamat; ST, Sdome; Te, Termit.



S. Bodin et al./Journal of African Earth Sciences 98 (2010) 489-506
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Fig. 2. (A) Geological map of the Jeffara escarpment. Modified form the geological map of Tunisia (scale 1/500 000) and the geological map of Libya (scale 1/1 00 0000).

dashed red lines shows the projection lines for the transects presented in

in Libya (modified from  Boote et al. (1998) ).

Figs. 9 and 10. (B) North—south structural cross-section across the Tripolitania and Ghadames Basins

= and Libya
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. Cekeéenuyuu gpanepozon HI'b
| ate Proterozoic 650 Ma Ceseprioii Adpuru

Modem Landmass (2

Subduction Zone (triangles poink in the
direction of subduction) 47

Grenville Province

Sea Fioor Spreading Ridge {}

Paleogeography in mobilistic style
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Cekeéenuyuu paneposzon HI'b

Cegepnou A¢ppuxu

Ha npotsixennn Bcero
NAJIE03051 B FOXKHOM
MOJYIIAPUU CYLIECTBYET
€AUHBIA CYNIEPKOHTUHEHT -
l'onBaHa, mIoMIAAB KOTOPOTO
MO CJIETIOBATEIBHO
HapaInBaeTCH.

i Fﬁ_llpﬂqaqrﬂtmmmﬂmuhmulﬂmdﬁ
i st et oy o’ i vt v e st Thee i st btion: of ce sheets is after Ghienmne et al.
{2007 ) The lines of palseolstitude sre after Stamplli and Borel (2002 ). Salid arrows
shinw the how of ice: an the northern margin of the Month African A skl an ice sheet,
these floww line s are based on feld olservations, whereas on the sowthem margin | sub-
Saharan Alrica) they are hypotheticl x5 Himantisn sorata are not exposed




MaccoBoe BbIMMpaHue OPraHUu3MOB B KOHIIE
OPAOBHKCKOr0 nepuoaa (443 MJIH. JieT Ha3a]1) MOXKET
OBITh 00BSICHEHO MOIIITHBIM IFaMMAa-BCILIECKOM,
NMPOU30IIEAIINM B OTHOCUTEJIHLHOM 0JIU30CTH OT
ConnevHoii cucrembl. Beimepiio 2/3 Ouosiorn4eckux
BUI0B U 85% KUBBIX cyliecTn, 60% Mopckux
opranusmMoB. Takou B3pbIB OPOKIAAET ABA
CMepPTeJbHBIX MMYYKa raMmMa-jiydeil, HanmpaBJIeHHbIX B
NMPOTHUBONOJIO)KHbIE CTOPOHBI. OHM ABHKYTCH CO
CKOPOCTHIO cBeTa. MOIIHBIN MOTOK raMMa-u3J1y4eHust
pocTur armocdepst 3emiin u 3a 10 ceKyH1 HATIOJIOBHHY
pa3pylInJI 030HOBBIH CJIO, HA BOCCTAHOBJICHUE
KOTOPOro noTpedoBaioch He MeHee S JieT. Z/KuBOTHbBIE U
pacTeHusi Cropesin, Kak A0Jro 3aropaiiuii Ha COJIHIIE
sistie) Su—e e ComNE 4eJIoBeK. Bo3MOKHbIE HA TOT MOMEHT HPUMHUTHBHbIE
Osou vo JKUTEJH Cyld (rpuldbl, MXH, JUIIANHUKHA, YEPBH)
SRURRN e Einpas oace NOruG/IM 32 CEKYH/bI, 2 00MTATEJH MEeJIKOBOAbS H
BEPXHHUX CJIOEB OTKPBHITOr0 OKeaHa (mejiaruajim) — 3a
MHUHYTbI. CMepTh IVIAHKTOHA (OCHOBBI, HJIM HAYAJIa
NMUIEBOH LEeNu), a TAKKe PUPOCTPOAUX U
CONPSKEHHBIX ¢ HUMH CYIIeCTB BbI3bIBAJIA KOJLJIAIIC
Bcex nuuieBbIX cBsi3eil. Takum o0pa3om, ramma-
BCILIECK ¢/1e1aJ1 o0uTaTeeid 3eMin 0e33alMTHBIMHA
nepen yjabrpaduoseroBoii paguanueii CosHna.
OnHako, 3T0 BBIMHPAHHE PACTAHYJI0CH BO BpEMEHH.

Hauasach nepecrpoiika arMmocgepbl. BbicokOIHepreTHuHbIe raMMa-jiy4d pa30ouBaloT MoJIeKy bl aTMocdepHoro azora (N,) Ha
oTJeJIbHbIe aTOMbl, KOTOPbIe BCTYNAIOT B PEaKIHI0 ¢ MOJIeKYJIAPHBIM KuciaopoaoM (O,), B pe3yjbTare 4ero moJiyyaercsi OKUCh a30Ta
(NO), xoropas paspymaet 030H (O;) u 1aet AnokcH] (AByokucs) a3ota (NO,) — Gypblii MOYTH HeNpPO3pauHbIil yIymauBsbiii ras. NO, ¢
aTOMApPHbIM KHCJIOPOAOM ONATH ke 1aeT NO, paspymamouyio Bce 0osbiie 030Ha. He0o 3arsiruBaeTr Ty4amu a3oT-cojep:Kallux ra3os,
KOTOpPbIe NPensATCTBYIOT IPOHUKHOBEHUIO COJIHEYHOro cBeTa. 'aMMa-Bemiieck clipoBOLMPOBAJI OX0JI0aHHUe, T.€. JTeIHUKOBbIi
nepuoj (animal.discovery.com).



I'amMa-Bcmiieck — MaciiTabOHOE KOCMHUYECKOE COOBITHE
AJICKTPOMArHUTHOM MPUPOJIBI C BEIOPOCOM SHEPTHH
B3PBIBHOTO XapaKTepa JTUTEeIbHOCTHIO OT MUJUTHCEKYH/T
710 Jaca. 3a IepBOHAYATBHBIM BCIIJIECKOM CIICTyET
“mocnmecBedyeHre”’, M3ydaronee Ha 0onee JITMHHBIX

BOJIHAX (PEHTTEH, YIbTpadHOIET, ONTHYECKOE,
uH(ppakpacHoe u paauo). /lpuuuna: Tpanchopmaius
CBEPXHOBOMW B UEPHYIO JbIPY WUJIU CIUSHUE JIBYX
HEWTPOHHBIX 3B€3l. 32 HECKOJIBKO CEKYH]I B PE3YJIbTATE
B3pbIBa BEICBOOOXKAAETCS O0BEM SHEPTHUH,
sKBUBaJIEHTHBIN 10 Mupa net “padoter” ConHua

Yépuasi apipa - 001acTh B IPOCTPAHCTBE-
® BpEMEHH, IPABUTAIIMOHHOE NPUTSHKEHNE
“_KOTOPO}M HACTOJBKO BEIIUKO, YTO IMOKUHYTh oo
& He MOTYT JaKe 00BEKTBI, IBHXKYIIIHECS CO
CKOPQCTbhIO CBETA '

HelTpoHHaA 3Be3fa

1,5 macce Connuya
~ 20 km B pguameTpe

Teepaan oGonouka
~ 2 Km

Kupkan cepeguHa
COCTO'IUAG'I B OCHOBHOM W
H‘:fﬂT’)OHOD, a TaKKe ny
ARPYrMx vacrwuy

HeiiTponHnble 3Be31bI IPEACTABISAIOT COOOI
OTPOMHBIE CKOIUIEHUSI HEUTPOHOB; UX Macca

omu3ka k macce Connara, quametp — 2 10-5
nuametrpa ColHIa, I0THOCTH nopsiaka 108
T/cM3 .


http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE-%D0%B2%D1%80%D0%B5%D0%BC%D1%8F
http://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B2%D0%B8%D1%82%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C_%D1%81%D0%B2%D0%B5%D1%82%D0%B0
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Cekeéenuuu paneposzon HI'b

Cegepnou A¢ppuxu

Onset of deposition
of Al Khlata Formation
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D.P. Le Heron et al. / Earth-Science Reviews 93 (2009) 47 76
E Ice cover and extent
of glaciogenic deposits . Subduction zone \/  Volcanic margin

Palagogeography of Gondwana during the Pennsylvanian. The initiation of Late Palaeozoic ice cover was broadly time transgressive, passing from modem day west (South P e n Sy I V an i an
America) to east (Australia) ( Note thatice cover became established at mid palaeo-latitudes in Oman; ice sheets were absent further west in North Africa probably as a

result of this latter area occupying low palago-latitudes and/or subdued relief.
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Cekeenyuu panepozoa HI'b Cesepnon A¢ppuxu

B xonne Pz - mauaine Mz — Ilanares || u Bnaguna Ilameoruxoro okeana, ot
kotopoit BHyTph Ilanrenm |l BmgaBajicsi «3aauB» IOrO-BOCTOYHOM YacTH
[Taneoreruca. Ilo kpasm BHaguH Tuxoro okeaHa mPOIOIKAIOCH
HEMPEPHIBHOE PA3BUTHE OKPAMHHO-KOHTMHEHTAJBHBIX T'€OCHHKIMHAJIBbHBIX
MOSICOB.

C mnHavana T, a BO MHOrMXx MecTax C Hayaiga J — BO3pOXKICHHE
CpeIHE3eMHOMOPCKOTO ~ IF€OCHHKJIWHAJIBHOIO TMOsica Ha BCEM  €r0
npotsbkeHuu. Paznenenue [Tanren |l na JlaBpasuto u ['oHiBany.

C cepenuHbl J — BO3HHMKHOBEHHE M II0CJIEOBATEIBHOE PACIIUPEHUE
BMIAJWH MOJIOABIX OKEaHOB: ATiianTuueckoro, Muauiickoro u CeBepHOro
JlemoButoro.

Takum oOpazom, B MZ — 0IHOBpPEMEHHO CYIIECTBOBAJIN:

1) KontnneHnTansHbie MaccuBsbl JlaBpasnu u [ OHIBaHbI

2)  T'eocunkimHainbHBIC (IIOJBMKHBIC) ITOSICA:
CpenuzemHoMopckuii (Mexay JlaBpasueit u I'oH1BaHOM),
OKpanHHO-KOHTHUHEHTAJbHBIE TT0ACa THUXOOKEAHCKOTO KOJIbIIA

3) TuxookeaHnYeCKHUE BIAAUHBIL: yHaclienoBanHas (Tuxuii okeaH) u
HOBOOOpa30BaHHBIC
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IHlaneomexkmonuueckasn Kapma mupa K KOHUy najileo3on
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[Early Aptian palaesogeography of the Tethyan area s

B orimuwme ot JlaBpasuu, ['onaBana Kk Hayany MZ — e tuHbIi g z:;:g:d:::s J
KOHTUHEHTAJIbHBIHI, TOYTH UCKIIIOYUTENBHO IIaT(HOPMEHHBIN B O Gosein
MacCHB, CyIIECTBOBABIINI ¢ Hayana PZ.

1.Hauvano MZ

IIponomxenue PZ stamna.

Bes I'onasana npunogHsTa.

Ha sTtom ¢oHe - 3aBepiiieHre pa3BUTHS HEKOTOPBIX BIAIUH
INonasanckoro tuna (Kappy, Magoctanckux, MapaHbsiH)

T - OTJIOKEHBI BO BCEX BNAJIMHAX — NECTPOILIBETHBIE MTECUAHO-
TJIMHUCTBIE OTJIOKEHUS C 30JI0BBIMH NecYaHUKaMHu. FOKHbIM : o
ApUIHBIN TTOSAC.

J 1.0 OTJIOKEHUSI- TECYaHO-TJIMHUCTHIE ,CEPOIBETHBIE, MECTAMU
YIJICHOCHBIE.

3aBepruaeTcs pa3BUTUE BIAJWH HHTEHCUBHBIM MPOSIBICHUEM
TPaNnIoBOro MarMaTu3Ma: Ha3eMHbIE U3JIHUSIHUA 0a3aJIbTOBBIX JIaB,
BHEJpEHUE CUILIOB U Jaek. Orpomubie MoHocTy (B [Tapanckoit
BnaguHe 10 1800m).

Bo3zpact tpannoBoii popmanuu — Tj - J; B FOxxHOM AMepuke U
HOxHol Adpuke

)

\ e

J3-Kinc B Uaann

CxonctBo ¢ TyHIycCKOM CUHEKITA30M.
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B xonie K — nauase P - BO3HUKHOBEHHE 1 0YEHDb OBICTPOE
pa3ButHe Jlekkanckon BnaauHbl. [locnennsss Bnaauna
I'onBaHCcKkoOrO THIA. [ paHIMO3HBIE MPOSIBIICHUS TPANIIOBOTO
Marmatuszma (MomHocTh Gpopmariuu g0 2000 m).

2.Bropas nonosrua MZ (J-K) u ganee 8 KZ

dopmupoBanue 060JIe€ MOJIOABIX, OOITUPHBIX TUIOCKUX BIAHH,
3aMOJIHSIONINXCS B OCHOBHOM KOHTHHEHTAJIBLHBIMHU OTJIOKECHUSIMU
BO BHYTPEHHUX YaCTSX IMPUITOTHATHIX FOXKHBIX IIAT(QOPM.
AMa30HCKas CHHEKIIM3a U Ap. BaauHbl B bpasummu — ¢ K,al
Bnamuna Konro J;-K

Bonbmioi Apre3nanckuit baccei — ¢ J

3amoTHAIOTCS ITeCYaHO-TIAMHUCTBIMHU OTJIOKEHUIMH. 3peaka —
KPaTKOBPEMEHHBIE TPAHCTPECCHH MODPSI.

ITo hopme - Kak CHHEKJIN3bI WM HEOOIbIINE TUIUTHI.

PZu MZ; stamn — aHaJior aBIaKOr€HHOM CTaauu Ha CEBEPHBIX
miaThopmax.

MZ, u nanee K, stamn- aHajor miMTHON CTaauud Ha CEBEPHBIX
maTdopmax.
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latest Ordovician
black star shows the South Pole position

Middle Eocene Fig. Paleogeographic—paleotectonic reconstructions and Gondwana break-up
R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83-143
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15 10 . 0 5 10 1, i Cambrian 545 - 495 Ma
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Fig. 6. Cambrian (545-495 Ma) paleogeological map. (1) Continental, exposed land; (2) continental basin; (3) platform; (4) slope and deep maring; (5
el lusive magmatism; (6) fault; (7) normal fault; (8) active rift or subsident basin; (9) depocenter axis; (10) strike-slip fault; (11) anticline aki®) thrust;
(13) active high; (14) oceanic ridge; (15) annular alkaline complex; (16) dyke.

R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83-143
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Fig. 11A. Ordovician (495-443 Ma) paleogeological map. Same legend &&. 6 The green line shows the maximum extent of the latest Ordovician ice
sheet. R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83-143
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Fig. 11B. Silurian (443—-417 Ma) paleogeological map. Same legend Bgy. 6
R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83-143
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R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83-143
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Fig. 14A. Caledonian event and Early Devonian (416-392 Ma) paleogeological map

Caledonian event
and Early Devonian 416 - 392 Ma
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R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83-143 B

Fig. 14B. Middle-Late Devonian (391-354 Ma) paleogeological map

Middle-Late Devonian 391 - 354 Ma
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e Early Carboniferous 354 - 327 Ma

Fig. A. Early Carboniferous (354-327 Ma) paleogeological map A

R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83—-143
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Fig. B. Westphalian (317-304 Ma) paleogeological map B
R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83-143
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Onset of deposition
of Al Khlata Formation

°x¢o "l”w
'.e,, A\ t
o"ogenesis

D.P. Le Heron et al. / Earth-Science Reviews 93 (2009) 47 76
U Ice cover and extent
"t of glaciogenic deposits \ Subduction zone \/ Volcanic margin

- Marine - Non-marine

Palaeogeography of Gondwana during the Pennsylvanian. The initiation of Late Palaeozoic ice cover was broadly time transgressive, passing from modem day west (South P e n Sy I V an i an
America) to east (Australia) ( Note thatice cover became established at mid palaeo-latitudes in Oman; ice sheets were absent further west in North Africa probably as a

result of this latter area occupying low palago-latitudes andfor subdued relief.
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R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83-14
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B R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83—-143
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late Permian 256-248.2 Ma
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R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83-143
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FOB uacts Cpeguszemaomopckoro nosica (Tudercko-Ungokuraiickas)

B mpuace — npogomxenue u 3apepiieHrne PZ reOCMHKINHAIBHOTO Pa3BUTHS.
CymectBoBanue OB ocrarka [laneoreruca B Buje 3aiauBa OT BIaAUHbI THXOro OKeaHa.
Haxkomnenue opraHoreHHO-KapOOHATHBIX, KPEMHUCTO-CIAHIIEBBIX U MTeCYaHbIX Toi. B
OCHOBHOM, 3TO OTJIOEHHS MUOT€OCHHKIIMHAIEHOTO THIA F0KHONH MaCCUBHOW OKpauHBI
[Taneorernca. Mectamu cpeiy 3TUX OCAJOYHBIX TOJIII BCTPEUArOTCs Mauku 3P Py3nBoB
MIPEUMYIIIECTBEHHO CPEHEro (aHAe3UTOBOro cocraa). OcTpoBoyKkHast 00CTaHOBKA B
cokpatnatoniemcs penukre [laneoreruca.

B konye T — okonuatensHoe 3akpbiTue FOB oxonuanus [laneoternca — MHmocuamiickas
(panHKUMMepuiickast) dpa3a Me30301CKO CKITaauaToCTH.

FOpa u pannuti men — oporeHHsii tan. Tubercko-MunokuTaiickas 06JacTh paHHUX
ME3030H]1 — BO3ABIMAIOIIASCS TOPHO-CKIIaqyaTas o0mactb. KoHTHHEHTabHBIE
otnoxxeHus (B Ki KpacHOIBETHBIE) OTII0KEHHUSI 3aMIOJIHIAIOT MEKTOPHBIC BITAIUHBI.
I1o30Huti men — Mopckasi TpaHcrpeccust. PactipocTpaneHnue ToI pyIucTOBBIX
M3BeCTHAKOB. KBazumiaropMeHHBIH JTaIl.

/’" LAURASIA \.-

(J

b/l/ — Q\’\_A )
( S_TEvS
) SEA

& y
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Fig. Early Triassic (248.2-241.7 Ma) paleogeological map
R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83—143
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Middle Triassic 241.7 - 227.4 Ma
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Fig. Middle Triassic (241.7-227.4 Ma) paleogeological map

R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83—143
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Late Triassic 227.4 - 205.7 Ma
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Fig. Late Triassic (227.4-205.7 Ma) paleogeological map R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83-143
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OcHoBHast YacTh Cpeau3eMHOMOPCKOro mosica

T — o6pa3oBaHue MPOTHKEHHOTO MEIIKOBOHO-MOPCKOTO Oacceiina Ha teine [lanres-ll,
paznenusiiero (mnajgeoreorpaduyecku) KOHTUHEHTHI JlaBpas3us u ['oHnBaHa.
Hakormienre MenKkoBOAHO-MOPCKHUX TOJI OPIraHOTE€HHBIX U3BECTHSKOB OJHOPOJIHOMN
(danueit Ha BcéM nipoTsikeHuu ¢ 3 Ha B. Mectamu — naryHHbIe IEeCYaHUKH, TUTICHI,
JOJIOMUTHI.

J— Bo3poxkeHne Ha BceM NMpOoTskeHUH Cpen3eMHOMOPCKOTo nosca
F€OCUHKIIMHAIILHOTO PEXUMA Pa3BUTHS, KaXIbIH Mpoaosnkaics nainee secb MZ u Pg.
OBreOCHHKIMHAIbHASA 30Ha — HAKOIJICHUE TJIMHUCTBIX CIIAHIIEB, KPEMHHUCTBIX TTOPOJI,
MeIarnyeckKrux M3BECTHIKOB C MOKPOBAMU MOAYIICUHBIX 0a3aIbTOB, MOICTHIAEMbIX
rab0po 1 CEPIEeHTUHUTAMH — T.€. TOJHBINA KOMIUIEKC TOPO 0(hHOIUTOBOM acCOLUAIINU.
Pa3peiB konTHHEHTaNBbHOU KOpHI [Tanren |l u oOpa3zoBanue okeaHnvyeckoro d6accerina
Teruc. Mectamu — 2 BetBu Teruca: FOxnaa u CeBepHasi, pa3ieyi€HHbIE
MUKPOKOHTUHEHTAMH — CPEAMHHBIMU MaccuBamMu AHaronuickuM u Mpanckum. Ha
CPEIMHHBIX MAaCCUBAaX — JIOKAJIbHO PACIPOCTPAHEHHBIE MAaJIOMOIIHBIE MEJIKOBOHO-
MOPCKHE WJIN JIATYHHBIE OTJIOKEHUS.

JIBe okpaunbl Tertuca - maccuBHbie. [IInpokas r0xkHasi OKpauHa — MUOT€OCUHKIIMHAIIBHBIE
MPOTUOBI C HAKOIUICHHEM MEITKOBOJHO-MOPCKUX KapOoHATHBIX oTiokeHui (FO. Anbmbl,
HMuunapunsl, TaBp, 3arpoc). Ha ceBepHOil OKpanHe — 30HbI PACTSKEHHS — CHCTEMa
r€OCHHKIMHANBHBIX Mporu6oB (r. KpsiM - b.KaBkas).
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Hettangien - Toarcien 205.6 - 180.1 Ma
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A A Alboran; GB, Great Bank; Ib, Iberia; K, Kabylies.

Fig. Hettangian—Toarcian (205.7-180.1 Ma) paleogeological map

R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83-143
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Aalenian-Bathonian 180.1 - 164.4 Ma
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Fig. Aalenian-Bathonian (180-164.4 Ma) paleogeological map g & inaid et al, / Joumnal of African Earth Sciences 43 (2005) 83143
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IO C

Boapmon Kaskas

VJZ — -

Ha koHTHHEHTaJIbHOU (YTOHEHHOM ) KOpe F0)KHOM yacTu JlaBpa3uu oTuieHeHue eié
OJHOM MOJIOCKHI CPEAUHHBIX MacCUBOB (Mu3uiickuii, 3akaBKa3CKHi1)

B nauasne J; — nepBsoie ¢aszbl cokpaiieHus: ceBepHoit BeTBu Tetuca. CeBepHasi okpanHa
CEBEPHOM BETBU CTAHOBUTCS AKTUBHOU
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CyOayKIpsi OKeaHMYEeCKOM KOPHI IO/ 3aKaBKa3CKUi CpeIMHHbIN MaccuB. Ha HéM —
OOIIMPHBINA BYJKAHO-TUTYTOHUYECKUH mosc. CxaTue U CKIaa4aTocTs B mporude b.
Kagkaza. lleHTpasibHOE OAHATHE Pa3/IeIIeT €ro Ha CEBEPHYIO CyOoruiaTOpMEHHYIO
4acTh ¥ 30HY F0)KHOTO CKJIOHA — CaMbIil paHHUI (IUIIEBBIN MPOTHO.

B cepeoune K (K1/K») - HOBas ¢haza cokpalieHust yxe 1o Bceul mmpune Tetuca.

COnxeHre KOHTUHEHTOB U MUKPOKOHTHHEHTOB. CeBEpHBIE OKParHbI BCEX
OKEaHMYECKUX 0aCCEMHOB CTAaHOBATCS aKTUBHBIMHU, C CYOAYKIIMEH OKEaHUYECKON KOPHI.
Han Humu, Ha 10KHBIX OKpanHaX BCEX MUKPOKOHTUHEHTOB — BYJIKAHO-TLLTYTOHUYECKHUE
nosica, cyoBynkanuueckue nyru. llluprHa okeaHn4eckux 0acceiHOB Pe3KO
coKpariaeTcs. ABctpuiickas asza Mme3030McKor ckiaauarocti. Oduonuronsie mBbl. Has
HHUMHU — y3KH€ MEXKIYyTOBBIE Oacceinbl ¢ HakorieHrueM (uuma B Ko-Pg. OctpoBoayxHasl,
MO3/ITHETC€OCUHKIIMHAIIbHAS CTaJINsI Pa3BUTHS 11 Bcero Teruca.
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allovian-Oxfordian 164.4 - 154.1 Ma
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Fig. Callovian—Oxfordian (164.4—-154.1 Ma) paleogeological map R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83-14
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Fig. Kimmeridgian—Early Berriasian (154.1-142 Ma) paleogeological map B
R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83-143
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A A, Alboran; Ib, Iberia; K, Kabylies.
Fig. Late Berriasian—earliest Aptian (142—120 Ma) paleogeological map

R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83-143
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Fig. Aptian—Albian (119-99 Ma) paleogeological map B
R. Guiraud et al. / Journal of African Earth Sciences 43 (2005) 83-143
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Fig. Latest Albian—Early Senonian (98.9-85 Ma) paleogeological map A
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Late Santonian-Maastrichtian 84 - 65 Ma
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Fig. Late Santonian—Maastrichtian (84—-65 Ma) paleogeological map B
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C.S. Swezey/Journal of African Earth Sciences 53 (2009) 89-121
Paleogeographic setting of the Sahara during the Paleocene (Danian—Thanetian)
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Fig. Paleocene (65-54.8 Ma) paleogeological map
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Early-Middle Eocene 54.8-37 Ma
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Fig. Early—Middle Eocene (54.8-37 Ma) paleogeological map B
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C.S. Swezey/Journal of African Earth Sciences 53 (2009) 89-121
Paleogeographic setting of the Sahara during the Early Eocene (Ypresian)
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Paleogeographic setting of the Sahara during the Middle Eocene (Lutetian)
C.S. Swezey/Journal of African Earth Sciences 53 (2009) 89-121
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Paleogeographic setting of the Sahara during the Late Eocene (Priabonian)
C.S. Swezey/Journal of African Earth Sciences 53 (2009) 89-121
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Fig. Oligocene (33.7-23.8 Ma) paleogeological map
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Fig. Miocene (23.8-5.3 Ma) paleogeological map
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Paleogeographic setting of the Sahara during the Middle Miocene (Langhian—Serravallian)
C.S. Swezey/Journal of African Earth Sciences 53 (2009) 89-121
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Paleogeographic setting of the Sahara during the latest Miocene (latest Messinian
C.S. Swezey/Journal of African Earth Sciences 53 (2009) 89-121
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Hcemopusa usyuenusn

Before 1911 the natural resources of Libyan were under the control of the Turkish Empire.
After 1911 until 1942 Italian colonist drove the geological exploration of Libya, and then
from 1942 to 1951 a British administration took over this activity. Before the discovery of
oil, Libya had very low economic promise, having been a major battle field during both

World War | and II. _

N N S
assan/Petroleum-History-Libya.html

http://sepmstrata.org/Libya-H
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Geological studies really started in 1926 when Ardito Desio was assigned by the Italian Geographic
Society to explore the Giarabub (Al-Jaghbub), an oasis within the Libyan Sahara. Ardito Desio
organized and led this geographical and geological expedition, resulting in the publication of four
volumes on the local geology. From 1930 to 1933 Ardito Desio led geological and geographical
expeditions into the hinterland of Libya. One of the most notable was in the summer of 1931 and
sponsored by the Italian National Academy. It crossed the Sahara desert using a large caravan of
camels from the Mediterranean to the frontier of Sudan and back across the Libyan Sahara through
the Fezzan. The report of this expedition was published in 4 volumes.

In 1930’s, doubt was generated by geologists, who included Desio (1935), that Libya might have
little in the way of commercial hydrocarbon accumulations. and coincidentally no oil discoveries were
made under the Italian administration.

From 1954 to 1962 in search of water and minerals large areas of the country were photographed
by the petroleum industry suplementing the information gleaned from the large portions that had
been mapped by the Italians, British, American military personnel, and by the United States
Geological Survey.

Hcmopus usyuenusn

http://sepmstrata.org/Libya-Hassan/Petroleum-History-Libya.html
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Active exploration in Libya started in 1953 after oil was discovered in neighboring Algeria. The
first well was drilled in 1956 in western Fezzan, and the first oil was struck in 1957. In 1959, just
as several companies were planning to release theri exploration acreage, Esso (now
ExxonMobil) made the first commercial discovery. The first oil flowed by pipeline from Esso's
concession at Zaltan to its export facilities at Marsa al Buraygah in 1961. Other companies
rushed to enter Libya, leading to additional discoveries. Forty two foreign companies conducted
exploratory and drilling activities under concession contracts that covered an area of 600,000
km2. In September 1961 production started, and by 1965, Libya was the world’s sixth-largest
exporter of oil. By the end of 1969, Libya's production reached 15.4% of OPEC's total and 7.5%
of the world’s total. In 1969 a maijor oil field was discovered at Sarir, which is well to the
southeast of the Sirt Basin fields. Minor fields were discoved located in northwestern Tripolitania.
New discovereis were drilled in the Ghadamis sedimentary basin (400 kilometers southwest of
Tripoli) in 1974 and in the offshore fields 30 kilometers northwest of Tripoli in 1977.
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Libyan oil production over the past 40 years http://sepmstrata.org/Libya-Hassan/Petroleum-History-Libya.html
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Hcemopusa usyuenusn

Top 5 African Proven Oil Reserve Holders
41.5

Billion Barrels

Libya Nigeria Algeria Angola Sudan

Petroleum Potential of the Main
Libyan Basins, according AAPG,
1985

Source: OQil and Gas Journal, January 2007

Libya's National Oil Corporation (NOC) was established in 1968 and by 1973 had
assumed control of exploration and development, production, refining, processing and
marketing. While production-sharing agreements with foreign companies proliferated
NOC, never the less, ended owning at least 51% of the exploration. By 2003 Libya was
Opec’s eighth largest producer. From 1993 to 2002, oil had been discovered in 136 wells
out of the 270 drilled, a 50% success rate.

http://sepmstrata.org/Libya-Hassan/Petroleum-History-Libya.html
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Table 1. North African petroleum reserves and their global significance

Rank Country Reserves (10° BBO)
Oil reserves ( remaining )
I Sauodi Arabia 261.2
2 Irag 100.0
3 United Arab Emirates 98.1
4 Kuwait 96.5
5 [ran BR.2
6  Venezuela 64.5
7 Mexico 49.8
& Russia® 49.0
9 USA* 29.6
10 Libva 20.5 (29% of world toral
11 China 240
12 Nigeria 20.8
13 Algeria* 0.2 (0.9% of world total)
- Egypt {inc. Gulf of Suez) 1.9 (0.4% of world total)
- Tunisia 0.4 ( <0.1% of world toral }
Rank  Country Reserves (10" SCF)
Gas reserves remaining )
I Russia® 1700
2 Iran 42
3 Oman 230
4 United Arab Emirates 205
5 USA® 164
b Venezuela 140
T Algeria* 128 (2.6% of world total)
8 Nigeria 110
% lIran 110
10 Indonesia 69
19 Libya 46 (0.9% of world 1otal)

Egypt (ine. Gulf of Suez)

22 {04% of world total)

*Arcas with significant Palagozoic-Triassic reservoired component to reserves.
Source; BP Statistical Review of World Energy, 1996, data as at end 1995, BBO, Billion barrels of oil; SCF, stan-

dard cubic feet,
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; The main petroleum
A basins are stippled and
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JTueusn
Petroleum Basins Ultimate Potential
Pelagian Good/Excellent
Ghdames Good/Excellent
Kufra Poor/Fair
Muruzq Fair
Cyrenaica Fair/Good
Sirt Excellent
Gulf of Sirt Fair/Good

Petroleum Potential of the Main Libyan Basins, according AAPG, 1985 Source: AAPG, 1985
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B 2008 r. Poccua cnucana nusninckuia gonr (4,5 mnpa gonn.) 8 obmeH
Ha KpYNHble KOHTPaKTbl ANA POCCUACKIUX KOMNaHWiA

B anBape 2010 r. Poccma u Jlueua nognucany JOroBop Ha MOCTaBKYy
POCCUMCKOrO BOOPYKEHWUA Ha cymmy 1,3 Mmnppa espo

www.rian.ru
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Composite petroleum system diagram for the North African provinces. The boxes are sized
according to the relative importance of the various reservoirs, source rocks and events. It is
possible to differentiate two main plate tectonic cycles, Cambrian to Carboniferous and
Triassic to Recent, which are also reflected in cycles of petroleum generation, entrapment
and destruction.

*Existing hydrocarbon-bearing traps only.
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The Palaeozoic petroleum systems of North Africa contain five large
giant ( > 1 billion barrels of oil equivalent) and 24 giant ( > 250 million
barrels of oil equivalent) oil and gas fields with total recoverable
reserves discovered to date of more than 46 billion barrels of oil
equivalent.

The reqgionally extensive Lower Silurian Tanezzuft Formation is the
origin of 80-90% of Palaeozoic sourced hydrocarbons, with a further
10% from the Upper Devonian Frasnian shales, charging a number
of intra-Palaeozoic and basal Triassic reservoirs. Triassic fluvial
sands are the most important of these, hosting just over half of the
total reserves, while Cambro-Ordovician and Lower Devonian F6
sandstone reservoirs are the second and third most significant,
respectively.
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Tanezzuft warm shale bed Wih 11 ppm uranium in Jebel Eghei (western Kufra Basin margin, SE Libya).
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Three categories of Palaeozoic
petroleum systems have been
identified:

(I) Mesozoic to early Tertiary
charged systems with Triassic-
Liassic shale and evaporite

seals in the Mesozoic sag or
‘Triassic' Basin of the northern
Sahara Platform. These

include > 78% of the total
discovered reserves, with > 56% in
the supergiants, Hassi

R'Mel and Hassi Messaoud fields
(2) Mesozoic to early Tertiary
charged systems with intra-
Palaeozoic shale seals in basins of

south and east of the Triassic Basin.

These include > 18% of the total
discovered

reserves, mostly in the prolific lllizi
Basin.

(3) Now largely extinct Palaeozoic
charged systems with intra-
Palaeozoic seals in basins of
southwest Algeria and Morocco with
3% of discovered reserves.

barrels reserves.

The Major offshore oil production in Tripolitania Basin is
from El-Bouri oilficld with 60,000 bbl/d, and 2 billion

.-F"\

Mediterranean Sea

) —

Al Jabal al Akhdar

\ - ;}“rﬁ - -
\ . g Wk =FOC
. Gulf of Sirt \._-.. ey
‘ ; - e 7
: Future prospects \ r_i—‘?'”:'“ai‘:ﬂ Platform
-
# Jan 1 13 i
___;IJ,J;:E Jeoligh
The Ghadamis Basin is a prolific hydrocarbon ) E
province, with total recoverable oil discovered ~ gypt

to date in excess of 3.5 billion bhl, 950
MMBOE is currently under production in
Libyan portion.

”

The Ordovician sandstone of the (Lower-Middle
Ovrdovician) and Mamuniyat (Upper Ordovician)
formations reservoir over 5 billion barrels of oil
equivalent in more than 50 separate accumulations

200 km I

This Basin contains some sixteen giant oil fields
with about 117 Billion barrels of proven woil in
place recovers., These form 89% of all the
discovered Libyan petroleum recovers. The
average oil gravity ranges between 44 and 32 API,
and sulphur content between 0,15 and 0.66%..

Hassan S, Hassan (2009)
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The North African Platform lies yoked between the African Shield in the south, with its
Eglab, Hoggar, Tibesti, Jebel Awaynat and Nubian Precambrian massifs, and the Atlassic-
Maghrebian fold belts and East Mediterranean Basin in the north

J A
RHARB BASIN /| '

'|' fa TINDOUF BASIN
, A )

; ﬂ/ T N
IJ- /' \\/‘{ |

-~ e Yool

Generalized structural cross-section across the Rharb and Tindouf Basins
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Fig. 7. Schematic geologcal cross-section along eastern Libya, after Guiraud and Bosworth (1999). Vertical exaggeration x 20. (1) Pan-African basement;
{"} Early Paleozoic; (3) Late Paleozoic; (4) undifferentiated Mesozoic; (5) Tnassic; (6) Jurassic; (7) Cretaceous; (8) Cenozoic.

The underlying Precambrian
basement evolved as part of Pangaea,
formed from the collision and suturing of
= " ‘ < several cratons and intervening island arcs
g™ A | during the Pan-African orogeny. This
\\ = subsequently evolved i bl
N o quently evolved into a stable
::\ \«, o ARABIA /” Gondwana and later Tethyan passive

‘\"j‘} \ continental margin, interrupted by Hercynian
% RN e deformation in the late Carboniferous,
R\ 2, rifting during the Mesozoic and Atlassic-
‘i"L_‘h,“,f/?/J““}‘ Maghrebian orogenesis in mid-late Tertiary.

A widespread Hercynian unconformity
divides the sedimentary cover into a lower
Gondwana Super-Cycle of mildly deformed
Palaeozoic clastic deposits and an upper
Tethyan Super-Cycle of Mesozoic-Tertiary
clastic deposits, evaporites and carbonates.

AFRICA Gulf of Guinea 7

I Alpine Fold Belt

I Mesozoic/Cenozoic rifts ]
[ Phanerozoic Pag
) | | Pan-African .
8 Proterozoic craton

(2

Fig . Schematic geologlcal map of Northern Africa, Central Africa and Arabia
Legend: AG, Abu Gharadig; B, Bioko; CAFZ, Central African Fault Zone; Cyr, Cyrenaica; E, Eratosthenes Seamount; JP,
Jos Plateau, P, Prlnmpe, Pag, Pagalu; S, Salamat, T, Sé’ome, Te, Termit.
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Murzuq Basin, SW Libya (collector)



Paleocene-Eocene carbonates ( ) north of Dor El Gusa, eastern margin of the
Murzuq Basin, SW Libya. Note small volcanic pipe
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Precambrian marble, Jebel Babein, eastern margin of the Kufra Basin, SE Libya
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Lower Devonian Oun Kasa Fm., western margln of the
Murzuq Basin, SW Libya |

—




Peroid ’ ﬂekuuﬂ H Cmpamuepaqbwz HFE TRESS N
* Hequ;mbze cucmemol Jlueuu.

ARG B
L

X




Heknuﬂ 5. Cmpamuzpagusa, HI'b u He¢m§mble cucmemuwt Jlueuu

Ll

Cyrenaica | 4 &

Hassan 5. Hassan (2009)




SPAIN SICIILEY/

(ITALY)

Tellian Atlas

Gk J ‘ . i TUNISTA

MOROEEO

2k Y. . = 2 ' ' -
le_,]h Atlas o R ! a7 SRR %% teh: Tripoli

: _ AN W
[Same=ty 3

on, it Pl .
o Anti Atlas‘.

Essaou:d‘:
Melleifen e
Fault’

Enhanced satellite image of the Maghreb region (NW Africa), showing the main tectonlc domains of the area and the location
of the study area (NW Africa). The Berkine—Ghadames and lllizi basins are Palaeozoic intracratonic depressions developed
within the Saharan Platform. The Pan-African Tilemsi Suture separates the Eglab and Hoggar massifs. N-S oriented
basement faults formed during the Pan-African Orogeny and strongly influenced the structural grain of the Berkine—
Ghadames and lllizi basins. The Amguid fault and its continuation into the Amguid—EI Biod fault trend bounds both basins to

the west.
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Simplified cross sections across selected portions of the Saharan Platform. The great exaggeration is necessary to give a
perspective of the regional setting of these basins. The reader should keep in mind that the dips in the area are indeed very

gentle
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Regional seismic line-drawings of the lllizi and Berkine—Ghadames area. Seismic lines have been calibrated by
numerous wells. Interpretation of basement marker in the Berkine—Ghadames basin is highly hypothetical. Note the
characteristic tectonic styles of high-angle, basement-involved normal, reverse and strike-slip faults of varied age. The
times of movement of faults are largely Early Palaeozoic (mostly inferred), Mid Palaeozoic, Hercynian, Triassic, Late
Early Cretaceous and Alpine. Note the strongly discordant Mesozoic succession (Tethys Supersequence) lying over
deformed Palaeozoic series (Gondwana Supersequence). The inset provides a simplified tectonic-domains map of the
lllizi and Berkine—Ghadames area.
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Fig . Schematic geological map of Northem Africa, Central Africa and Arabia

9
Legend: AG, Abu Gharadig; B, Bioko; CAFZ, Central African Fault Zone; Cyr, ica, E, Eratosthenes Seamoul
Jos Plateau; P, Principe; Pag, Pagalu; S, Salamat; dome; Te, Termit.
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North-south cross section of Ghadamis Basin. (Modified after Pallas, 1980)
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The intracratonic Ghadamis Basin located on the western Libya, southern Tunisia and eastern
Algeria. May have oil and gas sourced by Middle-Upper Devonian and Basal Silurian hot shales.
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North-south cross section of Murzuq Basin
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Hassan S. Hassan (2009)

Large intracratonic Paleozoic basin, straddling the boundaries of Algeria, Niger and Chad. The Basin
is filled with sediment ranging in age between Cambrian to Quaternary, with maximum total thickness
of more than 3000 meter in the central part. .The potential reservoirs in Muruzq Basin are mainly
siliciclastics that include the Memouniat, Hawaz, Acacus and Tadrart Formations.
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Generalized stratigraphic chart of Ghadamis and Murzuq Basins, showing source and potential reservoir
intervals.
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KUFRAH BASIN
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North-south cross section of Al Kufra Basin
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Hassan S. Hassan (2009)

The intracratonic sag of Al Kufrah Basin is oriented northeast-southwest and located in south eastern
Libya, it is the third largest Libyan sedimentary basin of about 400,000 km and has structural elements of
varying ages and trends. No commercial discovery has been made to this date but hopes remain high
and Libya has seen the entry of several American companies with an interest in the Al Kufrah Basin over
the past two years
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Tectonic history. The regional stratigraphy is continuous across North Africa, but petroleum
generation, migration, and entrapment within each total petroleum system have been controlled by the
tectonic history of individual basins. Deformational events in the region, most of them minor, are
recorded by unconformities reflecting basin tilting, uplift, and erosion of intracratonic structural axes at
various times throughout the Phanerozoic. The main deformational events occurred in the Precambrian
to Early Cambrian (Pan African event), Late Silurian to Early Devonian, Late Devonian (Frasnian
event), Carboniferous to Permian (Hercynian event), Early Jurassic, Early Cretaceous (Aptian, Austrian
event), Late Cretaceous, and Tertiary (Eocene to Oligocene,Pyrenean event).

Throughout most of the Paleozoic, North Africa was a single depositional basin on the northern shelf of
the African craton.

The Hercynian event marks the collision between Laurasia and Gondwana and caused regional uplift,
folding, and erosion.

Several transgressive-regressive cycles occurrred throughout the Paleozoic. Two major flooding
events, one in the Silurian and the other in the Late Devonian, were responsible for the deposition of
source rocks. Many of the prograding fluvial, estuarine, deltaic, and shallow marine sands that were
deposited during these cycles are now reservoirs.
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Caledonian unconformity, northern Dor El Gusa. Marine Silurian Akakus Fm beds,
overlain with angular unconformity by Devonian sandstones
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Caledonian Unconformity at central Dor El Gusa, west of Wau El Kebir, eastern margin
of the Murzuq Basin, SW Libya. Angular unconformity separates Silurian Tanezzuft
shales and mid (?) Devonian sandstones
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Table 1
Teaonic volution and major tecomically enhanced inconfomities in the Berkine-113 regon of & Saharan Patkm.
Tectonic évent Time interval  Major tectonically enhanced Remarks
unconlomities
Alpine Orogeny 5. Mid Miocene-  Not studied Regional uplilt of Saharan Platform, mindr continental depositon during Miocens -
Cruabermary Quat Emplacement of Tellian nappes
Alpine Orogenys). Atlssic Mid-Late Eocene Atlitic Unc (Late Crétaceous- o] N16{F E Regional Uplift and northe dy tilting of Ssharan Platorm. Over 2000 m uplift
Phae and Hog gar Palisogens) of Hoggar Masil, xi4ocisted with Eocene valanism
ift
A.‘q:li':fehﬂm#ﬂ_.l.i.hiy Santonian- Atlasic Un¢ (Late Cretacagus- o] N-5 Onset of African-Eurasa Collision. Trandpressional reactivation ol N-Eorientad
Atlriic Phase Masdtrichtian ~ Palisogens) structuresd in the Berkine and B Biod area
Early Cretaceous Late Reacomian- Early Aptian Unc o] N160E. Sinstral Trandpression along N-5 laults in El Bad-Amguid regon
Tesctoni sm Ea Aptian Rumerous light “pop-up” anticlines
Tethys Rifting Late Permian  HercynianUne (Late Carbonilenous -Mid o3 N130E Bxtend onal defonm.ation linked to opening of Tethys Ooaan. Accom panied by
Trisdsic-Jurasdic Triassic], TRIAS 3 Unc (Norian) local thermal uplift and volcanism of Ladinian-Norian age
Hercymi an Orogeny Late Devonian-  HercynianUnc (Late Carbonilerous-Mid ol NE-SW. Local trand presional readtivation of N-5 onented structure in El Bod
Permian Uphlt Late Trasic), Mamunian Unc, Strunian Une  Trend. Regional uplilt and poassible idwosphenc buckling. Major erasion of pre-Late
Catboniferous  (Dev-Carl Boundary) Carborilefows Pal seodoic $efied
Caledonian Regime Late Silurian=  “Bate Devionian™ Unc, Pragian Und ol Roughly E-W. Local lault reactivation and associaed lolding in Ahara and
Early Devonian Tihemboka high regon
Extensional Arenigan  Late Arenig Un¢ (Eo Arenigian) “Seq-Ond2 o E-W.Tectonic subsidence along Ilizi basin centre. Major erodion on Ahara high and
Event Tremadocian=  SB; hase of Hamra Cuartrite™ NE Berkine anexs
Early Arenigian

Pan-Affican Orogeny  Late Proterozoic “Infra Tamilis Une” (Top Basement) o1 E-W. Major Orogeny due to collision of Exst and Weest African Cratons. Major uplift
andd pervasive N-5 Taulting and fokding that define regional basement grain Orogen's
metamorphic and igneous ol comprives basement of Berkine llizi area
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During the early
Mesozoic, extensional
movements caused by the
opening of the Tethys and
Atlantic oceans developed a
cratonic sag basin called
the Triassic Basin. The
depocenter was
superimposed on some of
the Paleozoic basins
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Triassic fluvial sands followed by a thick Triassic to Jurassic evaporite section were deposited
within the sag basin. Sandstones resulting from the fluvial deposition are major reservoirs,

and the evaporites provide a regional seal for these fluvial and Paleozoic reservoirs. Clastic then
carbonate deposition occurred throughout the remainder of the Mesozoic over much of central
North Africa. Sediment deposition gradually diminished in the Tertiary over most of the area. Much
of the petroleum present in Saharan Africa was generated in the Cretaceous and

early Tertiary.
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Transpressional movements (wrenching) during Austrian deformation reactivated older
structures such as those along the Tihemboka Arch and Amguid-Hassi Touareg structural axis,
causing local uplift and erosion. The southern portion of the lllizi Basin was unroofed at this time
and was never again reburied.

The initial stages of the Africa-Arabia and Eurasia collision during Late Cretaceous to middle
Tertiary caused compressional movements and uplift. These movements tilted the Triassic Basin
to its present configuration

Petroleum was generated within the Illizi Basin from the Middle to Late Jurassic to early
Tertiary. Some spillage or secondary migration occurred. Many of the structural traps were
formed by vertical movements of the basement during Mesozoic and Tertiary deformational
events
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Palaeozoic basins on the North African Platform is a result of late Hercynian uplift and erosion of by later Mesozoic and early
Tertiary subsidence associated with rifting and local transpression. Palaeozoic of Algeria and Cretaceous rift basins of Libya
and Egypt
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Generalized lower Mesozoic chronostratigraphy of eastern Algeria. The diagram provides a tentative
eastern Algeria and illustrates the diachronous relationship with the Hercynian unconformity surface
as and the consequently is very approximate.
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Regional stratigraphic and structural controls governing the distribution of Palaeozoic petroleum evaporite
seals and areas of significant post-Hercynian subsidence are highlighted. With the exception of the lllizi
strong positive correlation with these three factors. Pre-Hercynian petroleum systems were probably active
in the thus generated were largely dispersed by late Hercynian uplift and unroofing
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Regional stratigraphic and structural controls governlng the dlstrlbutlon of Palaeozmc petroleum evaporlte seals and areas
of significant post-Hercynian subsidence are highlighted. With the exception of the lllizi strong positive correlation with
these three factors. Pre-Hercynian petroleum systems were probably active in the thus generated were largely dispersed
by late Hercynian uplift and unroofing systems. The distribution of the Silurian Tanezzuft and Upper Devonian Frasnian
source rocks, Triassic-Liassic Basin, which lacks Triassic reservoir and seal, all the high-productivity Palaeozoic systems
of North Africa show a western and southwestern Palaeozoic basins, partly in response to regionally elevated heat flow.
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