
X. Eastern E

 

 
  
June, 2013 
 
 
 

X. E

SUMMA

E

and oil 

Foreland

Ukraine a

Source: AR
 

Europe (Bulgaria

 

EASTER

ARY 

Eastern Euro

resources i

d Basin, and

and Romani

I, 2013. 

a, Romania, Ukr

RN EUR

ope (ex. Pola

in three se

d the Moes

a, while Bul

 Figure X-1

 

raine) 

X

ROPE (B

and, assesse

edimentary b

sian Platform

garia curren

1: Prospective

 EIA/ARI W

X-1 

BULGAR

ed separate

basins: the 

m, Figure X

ntly has a mo

e Shale Basins

World Shale Ga

RIA, ROMA

ely) has sign

Dniepr-Don

X-1.  Shale 

oratorium on

s of Eastern E

s and Shale Oil 

ANIA, UK

ificant prosp

nets Basin, 

exploration

n shale deve

Europe 

 Resource Asses

 

KRAINE)

pective shale

 the Carpa

n is underw

elopment.   

ssment 

e gas 

athian 

ay in 



X. Eastern E

 

 
  
June, 2013 
 
 
 

T

estimated

and X-2. 

drilling, a

Source: AR
 

Clay

B
as
ic
 D
at
a

D

P
h
y
si
ca
l E
xt
en

t Pros

Thic

Dep

R
e
so
u
rc
e

Gas

GIP 

Risk

Risk

R
e
se
rv
o
ir
 

P
ro
p
er
ti
es Rese

Aver
Ther

Europe (Bulgaria

 

The total risk

d at 195 Tcf

 Our new, l

and seismic a

Table X

I 2013. 

Table 

Source: ARI 

Organica
Net 
Interval
Average

y Content

Basin/Gross Are

Shale Formation
Geologic Age

Depositional Environ

spective Area (mi2)

ckness (ft)

th (ft)

 Phase

 Concentration (Bcf/

ked GIP (Tcf)

ked Recoverable (Tcf

ervoir Pressure

rage TOC (wt. %)
rmal Maturity (% Ro)

Clay C

B
a
si
c 
D
a
ta

De

P
h
y
si
ca
l 
E
xt
e
n
t Prosp

Thick

Depth

R
e
so
u
rc
e

Oil P

OIP C

Riske

Riske

R
es
e
rv
o
ir
 

P
ro
p
e
rt
ie
s Reser

Avera
Therm

a, Romania, Ukr

ked, technica

f of shale ga

arger interp

activities tha

X-1: Shale Ga

 X-2: Shale Oi

 2013. 

Carpathian

(70,00

L. Sil
L. Sil

Mar

16,0

ally Rich 1,0
40

3,300 - 
10,0

Nor

2.0
2.5

Med

Dry 

112

362

72

ea

n

nment

mi2)

f)

)

Organi
Net 
Interva
Averag

Content

Basin/Gross A

Shale Formati
Geologic Ag

epositional Enviro

pective Area (mi2)

kness (ft)

h (ft)

hase

Concentration (MM

ed OIP (B bbl)

ed Recoverable (B

rvoir Pressure

age TOC (wt. %)
mal Maturity (% R

raine) 

X

ally recovera

s and 1.6 bi

retation of th

at were stimu

as Reservoir P

l Reservoir Pr

n Foreland

0 mi2)

urian
urian
rine

080 1,46

000 700
00 350
 16,400 3,300 - 1
000 11,0

rmal Norm

0% 4.5%
0% 0.90

dium Low

Gas Assoc

2.7 49.

2.5 14.

2.5 1.4

ically Rich

al 3,30
ge

N

Area

on
e
onment

)

Mbbl/mi2)

B bbl)

Ro)

 EIA/ARI W

X-2 

able shale re

llion barrels

he shale res

ulated in par

Properties and

roperties and 

 

60 2,680

0 700
0 350
16,400 3,300 - 16,4

000 12,000

mal
Mod. 

Overpress
% 4.5%

0% 1.15%
w Low

. Gas Wet Gas

2 118.5

4 63.5

4 15.9

Dniepr-Don

(23,200 mi

L. Carbonife
L. Carbonifer

Marine

1,460

700
350

00 - 16,400 3,3
11,000

Normal Mod

4.5%
0.90%
Low

Oil Co

45.3

13.2

0.66

Dniepr-Done

(23,200 mi2

L. Carbonifero
L. Carbonifero

Marine

World Shale Ga

esource pot

of shale oil 

source is ba

rt by the 201

d Resources, E

 Resources, E

6,010

700
350

400 3,300 - 16,400
13,000

s.
Mod. 

Overpress.
4.5%

2.00%
Low

Dry Gas

195.2

234.6

58.6

ets

i2)

rous
rous

L
L

2,680

700
350

300 - 16,400 6,6
12,000

. Overpress.

4.5%
1.15%
Low

ondensate Co

18.1

9.7

0.48

ets
2)

ous
ous

s and Shale Oil 

tential for th

and conden

ased on rece

11 EIA/ARI s

Eastern Europ

Eastern Europ

840

600
450

6,600 - 16,400 13,0
11,000

Normal

3.0%
1.15%

Medium

Wet Gas

121.9

22.5

4.5

Moe

(4

L. Siluria
L. Siluria

Marine

. Silurian E
L. Silurian L. 

Marine M

840

600
450

00 - 16,400 5,00
11,000

Normal
Ov

3.0%
1.15%

Medium M

ondensate Co

8.9

1.6

0.08

Moesian Platfo

(45,000 mi2

 Resource Asses

 

e three bas

nsate, Table

ent shale lea

study.   

pe. 

e. 

 

Etro
L. Ju

Ma

760 7,9

600 6
450 2

000 - 16,400 5,000 -
14,000 10,

Normal
Hig

Over
3.0% 3.

2.00% 1.1
Medium Med

Dry Gas Wet

154.4 10

25.8 14

5.2 37

esian Platform

45,000 mi2)

an
an

Etropole
 Jurassic
Marine

7,940

650
260

00 - 16,400
10,000
Highly 

verpress.
3.0%

1.15%
Medium

ndensate

5.0

7.9

0.40

orm
2)

ssment 

ins is 

s X-1 

asing, 

 

opole
urassic
arine

940

50
60
- 16,400
,000
ghly 
press.
0%

15%
dium

t Gas

06.7

48.2

7.1



X. Eastern E

 

 
  
June, 2013 
 
 
 

T

Lower C

Silurian o

deposits 

Ukraine 

(17 Tcf a

Europe is

S

Bulgaria 

exploratio

occurred

Donets B

been neg

previous

INTROD

S

Eastern 

potential

shale ex

are takin

investme

after initia

U

has anno

the basis

resource

coordina

Ukraine’s

up to 45 

for the ge

Europe (Bulgaria

 

The main sha

arboniferous

of the Carpa

of the Moes

(128 Tcf and

and 0.2 billio

s more comp

Shale resour

but no offic

on core we

.  In Ukrain

Basin, comm

gotiating for 

ly awarded s

DUCTION 

Since EIA/AR

European c

.  Internatio

ploration lice

ng various 

ent.  On the 

ally proceed

Ukraine.  Th

ounced shal

s for this e

es.  The new

te shale ga

s current Pro

years for de

eologic infor

a, Romania, Ukr

ale targets i

s of the Dn

athian Forela

sian Platform

d 1.2 billion 

on barrels). 

plex, althoug

rce assessm

ial assessm

ell has been

ne, Shell rec

mitting at lea

a block in th

shale blocks

RI’s initial s

ountries hav

nal oil and 

enses in Bu

approaches

other hand,

ding with sha

e Ukraine S

e gas resou

estimate has

wly created G

as studies 

oduction Sha

evelopment.

rmation pack

raine) 

X

n Eastern E

iepr-Donets

and Basin (7

m (47 Tcf an

barrels); Ro

 Compared

gh faulting a

ments are re

ents have b

n drilled in 

cently signe

ast $200 m

he Ukraine p

s in Romania

shale asses

ve begun to

gas compan

lgaria, Roma

s to shale 

, Bulgaria an

ale leasing.  

tate Service

urces in the 

s not been 

Geological R

in Ukraine, 

aring Agreem

.  Tender fe

kage.   

 EIA/ARI W

X-3 

Europe are m

Basin (TRR

73 Tcf); and 

nd 0.5 billion

omania (51 T

d with North 

appears less 

eported to b

been publish

the region

ed a Produc

illion for exp

portion of the

a and Bulgar

sment first 

o investigate

nies, includi

ania, and Po

exploration

nd Romania

  

e of Geology

country of 7

released a

Research an

while mon

ment (PSA) 

es are mode

World Shale Ga

marine-depo

R of 76 Tcf 

the Silurian

n barrels).  B

Tcf and 0.3 

America, th

 prevalent th

be underway

ed yet.  To 

 (Bulgaria);

ction Sharing

ploration, w

e Carpathian

ria have bee

defined the

e their shale 

ng Chevron

oland.  The 

n.  Ukraine

a have place

y and Minera

7 trillion m3 (

and the figu

nd Productio

nitoring wat

involves a 5

est: $60,000

s and Shale Oil 

osited black 

and 1.2 bil

 and Jurass

By country, t

billion barre

he shale ge

han in other 

y in Ukraine

date only on

 no produc

g Agreemen

while Chevro

n Foreland B

en put on ho

e potential 

gas/ and s

n and Shell, 

countries of

 currently 

ed shale exp

al Resource

(Tm3) or 247

ure includes 

on Center in 

ter quality i

5-year explo

0 for the ten

 Resource Asses

 

shales withi

llion barrels)

sic Etropole s

the estimate

els); and Bul

eology of Ea

parts of Eur

e, Romania

ne shale-foc

ction testing

nt in the Dn

n reportedly

Basin.  Chev

ld.  

in 2011, se

hale oil reso

have negot

f Eastern Eu

welcomes s

ploration on 

s (Gosgeon

7 Tcf.1  How

some tight

Poltava pla

in drilling a

ration period

nder and $10

ssment 

n the 

); the 

shale 

es are 

lgaria 

astern 

rope. 

, and 

cused 

g has 

niepr-

y has 

vron’s 

everal 

ource 

tiated 

urope 

shale 

hold, 

edra) 

wever, 

t gas 

ans to 

areas.  

d and 

0,000 



X. Eastern E

 

 
  
June, 2013 
 
 
 

O

and dev

respectiv

In Janua

Economi

Dniepr-D

depth of 

recovery 

C

western 

holds sha

B

conventio

years, wi

tax.  The

could be

released

Bulgaria’

organic-r

H

dramatic

effective 

governm

exploratio

the shale

and gove

R

although 

May 201

on shale

health, sa

Europe (Bulgaria

 

On February 

velopment in

vely.  Shell, 

ary 2013, U

c Forum in D

Donets Basin

10 km, incl

and a 16.5%

Chevron has 

Ukraine.  Th

ale licenses.

Bulgaria.  W

onal oil and

ith royalties 

e Economy 

e in the ran

.  The Shale

s Institutes 

rich shale de

However, dur

ally in Bulga

counter-ba

ent, such as

on and prod

e industry in 

ernment poli

Romania.  

some local

2 the newly

e gas explo

afety, and e

a, Romania, Ukr

23, 2012 the

n the Oles

ExxonMobil

kraine awar

Davos, Swit

n covers an a

uding tight a

% governme

been in neg

his block is 

.  Duration a

While the c

d gas produ

ranging from

and Energy

ge of 0.3 to

e Gas Rese

of Geology

eposits in Bu

ring the past

aria.  This o

lancing info

s exists in P

duction, whe

Poland and

cies in Rom

Romania a

 observers 

y elected Ro

oration activ

nvironmenta

raine) 

X

e Ukraine go

ka and Yu

l, Chevron, 

rded the firs

zerland.  Sh

area of 7,88

and basin-c

ent revenue 

gotiations w

along strike 

and terms lik

country lack

ction terms 

m 2.5% to 30

y Minister h

o 1.0 Tm3 (

arch Group,

y and Orga

ulgaria.2 

t year public

opposition h

ormation ca

Poland.  In J

ether or not 

d the UK is e

ania and Bu

lso recently

believe its b

manian gov

ities, pendin

al aspects of

 EIA/ARI W

X-4 

overnment a

uzovska blo

ENI, and TN

st shale gas

hell’s 50-yea

6 km2 and a

entered gas

share. 

with the gove

with Poland

kely would be

ks a shale-

are attracti

0% on a slid

has suggest

(11 to 35 T

, a newly for

nic Chemis

c opposition t

has been led

mpaign offe

January 201

it involves h

expected to 

ulgaria.3 

y banned s

ban would b

vernment beg

ng the outc

f shale gas d

World Shale Ga

announced a

cks of wes

NK-BP initia

s PSA, sign

ar PSA perm

assigns oil an

s.  The cont

ernment for 

d’s Lublin ba

e similar to t

-specific inv

ive.  Produc

ding scale, w

ted that Bul

Tcf), but no 

rmed conso

stry, is cond

to shale gas

d by enviro

ered by the

2 the gover

hydraulic frac

influence th

shale gas e

be easier to 

gan an infor

come of Eur

developmen

s and Shale Oil 

a tender for s

stern and e

ally responde

ning with Sh

mit at Yuzovs

nd gas rights

tract allows 

a PSA at th

asin, where 

those grante

vestment re

ction license

with a 10% c

garia’s shal

supporting 

rtium of Sof

ducting long

s developme

nmental org

e petroleum

rnment bann

cturing.  The

he future pol

exploration 

reverse tha

rmal (i.e., no

ropean-leve

t.  

 Resource Asses

 

shale explor

eastern Ukr

ed to the te

hell at the W

ska in the ea

s to all strata

for 70% inv

he Oleska fie

Chevron alr

ed to Shell. 

egime, Bulga

es extend fo

corporate inc

e gas resou

study has 

fia University

g-term studie

ent has incre

ganizers, wit

 industry o

ned all shale

e performan

litical accept

and produc

an Bulgaria’s

ot legislated

el studies on

ssment 

ration 

raine, 

ender.  

World 

astern 

a to a 

vestor 

eld in 

ready 

aria’s 

or 35 

come 

urces 

been 

y and 

es of 

eased 

th no 

r the 

e gas 

nce of 

tance 

ction, 

s.  In 

) ban 

n the 



X. Eastern E

 

 
  
June, 2013 
 
 
 

R

fall unde

Resource

shale ga

universiti

M

Romania

totaling 9

MOL wa

Curtici).  

Craiova l

it discove

that it ha

these pro

 

GEOLO

E

potential 

Carbonife

most pro

these ten

 C

U

s

so

P

 D

so

 M

B

p

Europe (Bulgaria

 

Romania lack

r the country

es, which re

as deposits, 

ies (Buchare

More than a

a.  Beginning

9,000 km2, t

as awarded 

Sterling Res

license of so

ered shale g

d applied hy

ojects are on

OGIC OVER

Eastern Euro

in Paleozoi

erous and S

ospective for 

nd to be less

Carpathian 

Ukraine is sim

hale belt b

outhwestern

Paleozoic be

Dniepr-Done

outhern Bela

Moesian Pla

Bulgaria.  No

revious two 

a, Romania, Ukr

ks specific r

y’s conventi

egulates petr

in cooperat

est, Iasi and 

a dozen com

g in March 2

hree blocks 

three shale

sources and

outhwest Ro

gas resource

ydraulic frac

n hold due to

RVIEW 

ope has th

c and Meso

Silurian black

r oil and gas 

s widespread

Foreland B

milar to the 

ecomes str

n Ukraine an

lt north of th

ets Basin.  

arus contain

tform.  Silur

ote that the 

plays and m

raine) 

X

regulations f

onal petrole

roleum oper

tion with the

Cluj).  No fu

mpanies hav

2012 Chevro

located in D

e gas perm

d partner Tra

omania.  Fin

es in 5 out o

turing techn

o Romania’s

ree distinct 

zoice marin

k shales are 

within the M

d and/or are 

Basin.  The 

Lublin Basin

ructurally sim

nd northern 

e Carpathia

This well-de

ns prospectiv

rian and Jur

Moesian P

may be cons

 EIA/ARI W

X-5 

for shale ga

eum terms.  

rations in Ro

e national re

urther details

ve expresse

on was awa

Dobruja and

mits in north

ansAtlantic P

ally, state-o

of 20 of its e

ology in Rom

s shale ban.

shale-pros

e-deposited 

most prospe

Mesozoic.  O

thermally le

moderately

n in southea

mpler as it 

Romania un

n Foldbelt is

efined Late 

ve organic-ri

rassic black 

Platform sha

iderably larg

World Shale Ga

as developm

In 2011 the 

omania, initia

esearch inst

s are availab

ed interest 

rded four sh

d one in the

hwestern Ro

Petroleum jo

owned energ

exploration w

mania as ea

spective are

 black shale

ective, while

Other organic

ess mature, a

y complex L

ast Poland.  

trends tow

ntil it reache

s called the C

Paleozoic b

ch L. Carbo

shales are p

ale plays are

ger than asse

s and Shale Oil 

ment, thus s

National Ag

ated a study

titute GeoEc

ble.   

in shale ga

hale gas exp

Moldova re

omania (Voi

ointly hold th

gy firm Romg

wells in Tra

arly as the m

eas with sh

es.  Within th

e the mid-Ju

c-rich shales

and thus we

Lviv-Volyn B

 However, t

wards the s

es the Black 

Carpathian F

basin in east

niferous bla

present acro

e less well 

essed here.

 Resource Asses

 

hale applica

gency for Mi

y of the cou

coMar and 

as exploratio

ploration lice

egion.  Hung

ivozi, Adea,

he 5,800-km2

gaz reported

nsylvania, n

mid-1990’s.  

ale gas an

he Paleozoic

rassic shale

s exist locall

ere not asses

Basin of we

the Silurian 

southeast ac

Sea.  This 

Foreland Ba

tern Ukraine

ck shales. 

oss Romania

defined tha

 

ssment 

ations 

ineral 

ntry’s 

three 

on in 

enses 

gary’s 

, and 
2 Sud 

d that 

noting 

All of 

nd oil 

c, the 

es are 

ly but 

ssed.  

estern 

black 

cross 

deep 

asin. 

e and 

a and 

n the 



X. Eastern E

 

 
  
June, 2013 
 
 
 

O

deemed 

Romania

which ap

appear m

 

1. C

1.1 In

 

to 200- k

Silurian 

Basin, w

Basin ap

H

to the s

tectonic 

Scythian 

the Crim

separate

assessed

have nam

T

black sha

the sout

Further t

marine s

12% TOC

Oligo-Mio

is intense

 

Europe (Bulgaria

 

Other basins 

to be less

a, Serbia and

ppears too d

much too stru

CARPATHIA

ntroduction

Prosp

km wide Pale

deposits of 

here 62 con

ppears to be 

However, the

outheast ac

disturbance

Platform be

ean Peninsu

es this belt fr

d.  We refer 

med it the Lv

The Carpath

ales.  As the

hwest and 

to the south

ource rocks

C, the 200-m

ocene Lowe

ely faulted w

a, Romania, Ukr

in Eastern 

s prospectiv

d Monteneg

eep for shal

ucturally com

AN FOREL

n and Geo

pective marin

eozoic belt, 

southeast 

nventional oi

too deep an

e Silurian be

cross weste

, the Siluria

efore headin

ula near Od

om the Silur

to the Siluri

viv-Moldava 

ian Foreland

e foreland b

is characte

h, the struc

.  These inc

m thick L. Cr

er Menilite F

with complex

 

raine) 

X

Europe con

ve.  The la

ro, Slovenia

e developm

mplex to be 

LAND BAS

logic Setti

ne black sha

from Poland

Poland’s Lu

il and gas fie

nd faulted fo

lt becomes 

ern Ukraine 

n belt re-en

g out into th

dessa before

rian of the M

an belt as th

Slope.5 

d Basin has

basin to the 

rized by mo

cturally comp

clude the 50

retaceous S

ormation wit

x nappe tecto

 EIA/ARI W

X-6 

tain organic

arge Panno

a, and Bosni

ent.   The C

prospective.

IN (UKRAI

ng 

ales of Siluri

d all the way

ublin Basin 

elds have b

r shale deve

wider and s

and northe

nters southe

e Black Sea

e continuing 

Moesian Platf

he Carpathia

s good shale

Carpathian 

ostly simple

plex Carpat

0-m thick Ju

pas and Shy

th up to 20%

onics, Figure

World Shale Ga

c-rich source

onian-Transy

ia and Herzo

Carpathian, B

.  

NE-ROMA

ian age exte

y to the Blac

continue in

een develop

elopment. 

tructurally s

ern Romania

rn Ukraine a

a.  It then bri

offshore.  T

form to the s

an Foreland 

e gas deve

thrust belt, 

e structure w

thian region

urassic Kokh

ypot formati

% TOC. How

e X-4,6,7 and 

s and Shale Oil 

e rock shale

ylvanian ba

ogovina has

Balkan, and 

ANIA-MOLD

end continuo

ck Sea.  In w

nto the adjo

ped.  Much 

impler as it 

a, Figure X

and eastern

efly re-emer

The North D

south4, whic

Basin, but o

lopment pot

this shale b

with few fa

n also conta

hanivka Form

ons with 2-7

wever, the C

was not ass

 Resource Asses

 

s but these 

asin of Hun

s Paleozoic s

related fold 

DOVA) 

ously within 

western Ukr

oining Lviv-V

of the Lviv-V

continues fu

X-2.  After s

n Romania i

rges onto lan

Dobrogea Or

h was separ

other researc

tential in Sil

belt dips gen

ults, Figure 

ains multiple

mation with 

7% TOC, an

Carpathian re

sessed.  

ssment 

were 

ngary, 

shale 

belts 

a 50- 

raine, 

Volyn 

Volyn 

urther 

some 

n the 

nd on 

rogen 

rately 

chers 

lurian 

ntly to 

X-3.  

e rich 

up to 

nd the 

egion 



X. Eastern E

 

 
  
June, 2013 
 
 
 

 
Figure

S

Europe (Bulgaria

 

Figure

Source: ARI 

e X-3: Cross-S

Source: Sachsen

a, Romania, Ukr

e X-2: Carpath

 2013 

Section of Lviv

nhofer et al., 201

raine) 

X

hian Foreland 

v Slope Portio

12 

 EIA/ARI W

X-7 

 Basin Showin

on of the Carp

World Shale Ga

ng Shale-Pros

pathian Forela

s and Shale Oil 

spective Areas

nd Basin in W

 Resource Asses

 

s. 

Western Ukrain

ssment 

ne   



X. Eastern E

 

 
  
June, 2013 
 
 
 

 

T

Carpathia

the Silur

Silurian s

Ludlow m

from 400

S

well data

in this we

alteration

exists in

indicates

spurious

occurred

investiga

refine the

Europe (Bulgaria

 

Figure 

Source: Koltun 

The Silurian 

an Foreland

ian shale in

shale is pre

member of th

0 to 600 m th

Silurian shale

a point availa

ell were less

n.  Given th

n places.  T

s the Silurian

) over-matu

 prior to t

ations are n

e maturity pa

a, Romania, Ukr

X-4: Cross-Se

 et al., 1998 

is the main 

d Basin, Figu

n western U

esent, transi

he Silurian is

hick and occ

e TOC may 

able (IS-1).  

s than 1%.  

he depositio

Thermal ma

n is entirely 

re values of

the Mesozo

eeded to in

atterns in Lo

raine) 

X

ection of a Nap

petroleum s

ure X-5.  Co

kraine are l

itioning east

s considered

urs at depth

be lower in 

Most TOC m

However, th

onal environ

aturity mapp

in the dry g

f 5% Ro als

oic. As Sac

nvestigate la

ower Paleozo

 EIA/ARI W

X-8 

ppe Structure

source rock 

ompared with

ess certain.

tward into t

d the most p

s of 2 to 3 k

Ukraine than

measuremen

he original T

mental of th

ping, calcul

as window (

so were mea

chsenhofer 

ateral and v

oic rocks.” 

World Shale Ga

e in the Carpat

and shale g

h Poland, th

.  About 40

hinner, shal

prospective 

km in wester

n in Poland,

nts at a dep

TOC is estim

he Silurian, 

ated from 

(Ro of 1.3% 

asured.  Ma

and Koltun

vertical varia

s and Shale Oil 

thian Thrust B

gas explorat

he reservoir 

0 to 1,000 

llow-water c

interval.  Th

n Ukraine.   

, at least bas

th range of 

mated at 3%

it is likely 

conodant a

to 3.5%).  S

aturation is 

n (2012) n

ations of TO

 Resource Asses

 

Belt 

 

ion targets i

characterist

m of deep-w

carbonates. 

he Ludlow ra

sed on the s

1,400 to 1,5

% prior to the

that higher 

alternation in

Several (pos

believed to 

oted: “addit

OC contents

ssment 

n the 

ics of 

water 

 The 

anges 

single 

592 m 

ermal 

TOC 

ndex, 

ssibly 

have 

tional 

s and 



X. Eastern E

 

 
  
June, 2013 
 
 
 

Figure 
Jura

Source: Sac
 

T

western 

structura

Slope.  T

been ero

1.2 R

B

prospect

of which 

the 500-m

10,000 ft

Europe (Bulgaria

 

 X-5: Stratigra
assic-Age (left

chsenhofer et al

The Kovel-1 

Volynia, no

lly complex 

The Kovel-1

oded in this u

Reservoir P

Based on ge

ive area in t

11,520 mi2 

m thick Ludl

t deep within

a, Romania, Ukr

phy of Carpat
t).  L. Cretaceo

., 2012 

petroleum w

rthwestern U

Lublin-Lviv 

well cored 

uplifted locat

Properties 

eologic contr

the Carpathi

is in Ukrain

low Member

n the prospe

raine) 

X

thian Foreland
ous and Paleo

well is a ke

Ukraine.  Th

basins on th

Ordovician 

tion.8  

(Prospecti

rol from reg

an Foreland

e and 4,560

r of the Silur

ective region

 EIA/ARI W

X-9 

d Basin Show
ogene Source 

 

ey stratigrap

he well is lo

he west and 

at a depth o

ive Area) 

gional cross-

d Basin is es

0 mi2 in Rom

rian is estim

n, and have 

World Shale Ga

ing Thick Blac
e Rocks Occur

hic test drill

ocated along

 the less de

of about 250

-sections, th

stimated to b

mania.  The 

ated to aver

4% porosity

s and Shale Oil 

ck Shales of S
r in the Carpat

led during t

g the transit

eformed Voly

0 m; Silurian

he total estim

be approxim

target organ

rage 1,000 f

y.  TOC aver

 Resource Asses

 

Silurian and M
thians (right). 

he late 198

tion betwee

ynia region o

n apparently

mated shale

mately 16,080

nic-rich porti

ft thick gross

rages a rela

ssment 

Mid-
 

80s in 

n the 

of the 

y had 

e gas 

0 mi2, 

ion of 

s and 

atively 



X. Eastern E

 

 
  
June, 2013 
 
 
 

low 2.0%

be hydro

1.3 R

R

Foreland

risked sh

concentr

that is pr

U

gas licen

gas reso

specified

A

the Carp

of 279 T

assumpt

 

1.4 R

C

in the O

deadline 

Barlad sh

is unclea

In

gas licen

gas pote

spend ab

 

Europe (Bulgaria

 

% and is in th

static (0.43 

Resource A

Risked, techn

d Basin are e

hale gas in-

ration of abo

resent. 

Ukraine’s Sta

nse area in t

ources.  Wh

d. 

An independe

athian Forel

Tcf of gas 

ions (thickne

Recent Act

Chevron repo

leska block 

of May 201

hale gas pe

ar following t

n 2012 ENI 

nses totaling

ential.  The c

bout $55 mil

a, Romania, Ukr

he dry gas w

psi/ft). 

Assessmen

nically recov

estimated to

-place of 36

out 113 Bcf/m

ate Commiss

the Lviv-Voly

hether this 

ent assessm

land Basin a

in-place.  T

ess, porosity

ivity 

ortedly is in n

of western 

13 for comp

rmit in north

he shale ban

acquired ha

g 3,800-km2 

company an

lion explorin

raine) 

X-

window (Ro a

nt 

verable reso

o be 73 Tcf (

63 Tcf, Tabl

mi2, reflectin

sion on Mine

yn Basin ha

estimate re

ment of Silur

arrived at a M

This estima

y, risk) were 

negotiations

Ukraine.  T

pleting this d

heastern Rom

n in Romani

alf of LLC W

in the Lviv 

d its partner

ng for shale g

 EIA/ARI W

-10 

verage 2.5%

ources from

(52 Tcf in U

e X-1.  The

ng the signif

eral Resourc

as about 0.8

eflects in-pla

rian shale ga

Mean Estima

te utilized 

not specifie

s with the go

The governm

deal.  Chevr

mania close

a.   

WestGasInve

Basin of we

rs, including

gas in the Lv

World Shale Ga

%).  The pres

m Silurian bla

Ukraine and 

e play has 

ficant thickne

ces has esti

 to 1.5 trillio

ace or reco

as resources

ate of 5.6 Tc

EIA/ARI’s 2

ed, nor was U

overnment to

ment recent

ron also init

e to Moldova

est, which c

estern Ukrain

g UK-based 

viv basin fro

s and Shale Oil 

ssure gradie

ack shale in

21 Tcf in Ro

a moderate

ess of the o

imated that 

on m3 (28 to

overable res

s in the Rom

cf technically

2011 metho

Ukraine eval

o develop a s

tly removed 

tially acquire

a, but the sta

controls nine

ne, which m

Cadogan Pe

m 2012 thro

 Resource Asses

 

ent is assum

n the Carpa

omania), ou

ely high reso

organic-rich s

the Oleska s

o 53 Tcf) of s

sources was

manian porti

y recoverabl

odology, but

luated.9   

shale gas pr

its self-imp

ed the 6,257

atus of this 

e unconvent

may include s

etroleum, pl

ough 2015. 

ssment 

med to 

athian 

t of a 

ource 

shale 

shale 

shale 

s not 

on of 

le out 

t key 

roject 

posed 

7-km2 

block 

tional 

shale 

an to 



X. Eastern E

 

 
  
June, 2013 
 
 
 

2. D

2.1 In

 

failed rift

sequence

developm

Moscovia

shale tar

T

compara

depths o

rocks, w

mainly st

Belarus, 

southeas

R

northwes

faults (h=

although 

Devonian

(Frasnian

showing 

L

the overl

entire Ca

its base 

continent

is typical

Europe (Bulgaria

 

DNIEPR-DO

ntroduction

The D

t basin on 

e of Lower 

ment.  Econ

an overlie th

rget.   

The DDB a

tively well u

of over 5 km

hile overlyin

tructural trap

which appe

st the basin c

Roughly sym

st-southeast

= 100 m to 2

numerous s

n and youn

n) salt depos

depth to the

. Carbonifer

ying coal se

arboniferous

along the 

tal in origin, 

ly 50 m thick

a, Romania, Ukr

ONETS BAS

n and Geo

Dniepr-Done

the Eastern

r Carbonifer

nomically im

hese shales,

accounts fo

nderstood, w

m.  Lower Ca

ng clastic Ca

ps.  To the n

ears to be 

continues in

mmetrical, th

.11  It comp

2 km).  The

smaller fault

nger sedime

sited under r

e L. Carbonif

rous black s

eams source

 section ran

basin axis. 

but transitio

k and contai

raine) 

X-

SIN (EAST

logic Setti

ets Basin (D

n European 

rous black s

mportant Ca

,10 but this co

or most of 

with several 

arboniferous

arboniferous

northwest the

too shallow

to the Donb

e DDB is a

rises a seri

e individual b

ts are locally

entary rocks

restricted rift

ferous (L. Vi

shale overlie

ed most of th

ges up to 11

 In the no

ons into part

ns an organ

 EIA/ARI W

-11 

T UKRAINE

ng 

DDB) in east

Craton, Fig

shale which

arboniferous 

oaly sequen

Ukraine’s 

thousand o

s black shale

s sandstones

e DDB conti

and low in

as Foldbelt 

about 700 k

es of half g

blocks are q

y present.  T

s, which inc

ft conditions.

sian) black s

es the Devo

he conventio

1 km thick in

orthwest por

ly shallow m

nic-rich shallo

World Shale Ga

E) 

tern Ukraine

gure X-6.  

h may be p

coal depos

nce does no

onshore p

oil and gas w

es and coal 

s provide co

nues into th

n TOC for s

of southwes

km long, 40 

grabens bou

quite sizeabl

The basin co

cludes 1 to

.  Figure X-7

shale as we

nian salt int

onal oil and 

n the DDB a

rtion of the

marine depos

ow marine s

s and Shale Oil 

e is a Mid-t

The basin 

prospective 

sits and tig

t appear to 

petroleum r

wells, some o

seams are 

onventional 

e Pripyat Tr

shale develo

stern Russia

to 70 km w

unded by lar

e (50-100 k

ontains as m

 2 km of m

7 is a structu

ll as salt flow

terval.  This 

gas fields in

and is up to 

e DDB the 

sitional cycle

shale layer. 

 Resource Asses

 

to Late-Devo

contains a 

for oil and

ght sands o

be a prospe

reserves an

of which rea

the main so

reservoirs w

rough of sou

opment.  To

.   

wide, and tr

rge-displace

km by 20-40

much as 15 k

mostly Devo

ural cross-se

ws in the bas

black shale

n the basin. 

15 km deep

Carbonifero

es, each of w

ssment 

onian 

thick 

d gas 

of the 

ective 

nd is 

ached 

ource 

within 

thern 

o the 

rends 

ement 

 km), 

km of 

onian 

ection 

sin.12 

e and 

 The 

 near 

us is 

which 



X. Eastern E

 

 
  
June, 2013 
 
 
 

Source: AR
 

Figure X

Source: Sto

 

Europe (Bulgaria

 

Fig

I, 2013 

-7: Cross-Sec

ovba et al., 1996 

a, Romania, Ukr

gure X-6: Dnie

ction of Dneipr

 

raine) 

X-

epr-Donets Ba

r-Donets Basi

 EIA/ARI W

-12 

asin Showing 

n Showing De
Shale  

World Shale Ga

 Shale-Prospe

epth to the L. 

s and Shale Oil 

ective Areas 

Carboniferous

 Resource Asses

 

s (L. Visian) B

ssment 

Black 



X. Eastern E

 

 
  
June, 2013 
 
 
 

S

Upper V

These b

develope

prone.  T

lower pa

the Rudo

kerogen.

rocks occ

black sha

Figure 

Source: mod
 

T

window (

1.3-3.0%

penetrate

km, Figu

0.8-1.0%

Europe (Bulgaria

 

Several black

isean Rudov

lack shales 

ed in the Sre

The Rudov B

rt of the form

ov Beds ha

  Additional

cur in the Up

ales with up 

 X-8: Stratigra

dified from Sach

Thermal matu

(Ro 0.8-1.0%

%) in the sou

ed a nearly 

ure X-9.  TO

%).  The oil w

a, Romania, Ukr

k shale targe

v Beds are 

are up to 

ebnen and Z

Beds are rich

mation is hig

s 3.0% to 1

l slightly lea

pper Visean

to 5% TOC

phy of Dniepr

hsenhofer et al., 

urity of the R

%) in the cen

theast.  For 

1-km thick C

OC of up to 

window in th

raine) 

X-

ets occur wit

considered 

70 m thick,

Zhdanivske d

h in siliceous

gh in calcite 

10.7% TOC 

aner (TOC o

 above the R

. 

r-Donets Basin

 2010 

Rudov Beds

ntral and no

example, th

Carboniferou

4% in this in

his basin ap

 EIA/ARI W

-13 

thin the L. C

the best qu

 but more 

depressions

s radiolaria, 

as well as c

(average 5

of 3.0% to 3

Rudov Beds

n.  Black shale
Visean. 

s and the ov

orthwestern 

he Rud-2 pe

us Upper Vi

nterval is wi

ppears to be

World Shale Ga

Carboniferou

uality source

typically 30

s where they

making them

clay.  The o

5%), mostly 

3.5%) but s

s, while the l

es Occur in L

verlying Upp

DDB, increa

etroleum wel

isean shale 

ithin the oil

e normally to

s and Shale Oil 

s sequence

e rock and s

-40 m, and

y are quite d

m potentially

organic-rich m

Type III wi

still quite pro

lower Serpu

. Carboniferou

er Visean is

asing to dry 

ll in the Dnie

interval at a

thermal mat

o under-pres

 Resource Asses

 

, Figure 8.13

shale gas ta

 particularly

deep and dry

y brittle, whil

middle secti

ith some Ty

ospective so

khovian con

us Rudov and

 

s mainly in th

gas maturit

epr-Donets B

a depth of 4

turity window

ssured, whil

ssment 

  The 

arget.  

y well 

y gas 

le the 

ion of 

ype II 

ource 

ntains 

d U. 

he oil 

ty (Ro 

Basin 

4 to 5 

w (Ro 

e the 



X. Eastern E

 

 
  
June, 2013 
 
 
 

dry gas w

data con

Figure X

Source: Sac
 

T

dip slope

axis.  Th

The nort

Lacking a

using ba

prospect

potential 

2.2 R

L

Serpukho

of the Dn

relatively

Europe (Bulgaria

 

window is lik

trol is poor.1

X-9: Rud-2 Wel

chsenhofer et al

The southwe

e, where thi

e L. Carbon

heast flank 

a detailed de

asement con

ive area.  N

along variou

Reservoir P

ower Carb

ovian) are p

neipr-Donets

y deep (3-5 

a, Romania, Ukr

kely to be ov

4  

ll in the Dniep
with TOC

., 2012 

st flank of th

ck L. Carbo

niferous is at

of the DDB 

epth map on

ntours and m

Note that sa

us parts of th

Properties 

boniferous 

rospective w

s Basin.  The

km).  They

raine) 

X-

ver-pressure

r-Donets Basi
C up to 4% in t

he Dneipr-Do

oniferous bla

t ideal depth

has thinner

n the Carbon

multiple pub

alt intrusion

he slope.  

(Prospecti

black shale

within a 10,1

ese shales a

y largely co

 EIA/ARI W

-14 

d due to ong

in, Showing th
the Oil Window

onets Basin 

ack shale tilt

h for shale d

r L. Carbonif

niferous, we

blished cross

s up to 15 

ive Area) 

es (Rudov

150-mi2 dept

are estimated

onsist of sili

World Shale Ga

going gas ge

he Carbonifer
w (Ro 0.8 to 1

is characte

ts gently to 

developmen

ferous that i

e constrained

s-sections, y

km thick m

 Beds, Lo

th-controlled

d to total ab

iceous or c

s and Shale Oil 

eneration, a

rous Upper Vis
.0%). 

rized by a s

the NNE to

t (1-5 km) o

is structurall

d the depth-

yielding goo

may negative

ower Visea

d belt that su

out 1 km in t

calcareous li

 Resource Asses

 

although pres

sean Shale (C

tructurally s

owards the 

over a broad

y more com

-prospective

od control o

ely impact s

an, and L

urrounds the

thickness bu

ithologies ri

ssment 

ssure 

C1v2) 

imple 

basin 

d belt.  

mplex.  

 area 

n the 

shale 

Lower 

e axis 

ut are 

ch in 



X. Eastern E

 

 
  
June, 2013 
 
 
 

radiolaria

should b

averagin

intrusions

2.3 R

D

southeas

(compris

resource

resource

W

mi2.  Ris

billion ba

billion ba

O

prospect

be about

risked in-

U

shale gas

tight gas

specified

2.4 R

In

7,800-km

stage inv

Petroleum

may inclu

 

Europe (Bulgaria

 

an and thus 

e favorable 

g about 4.5%

s may sterili

Resource A

Dry Gas Wi

stern Dniepr

ing the Rudo

e concentrati

es are estima

Wet Gas Win

sked, technic

arrels of con

arrels. 

Oil Window. 

ive area of a

t 0.7 billion b

-place shale

Ukraine’s Sta

s license in t

 resources. 

d. 

Recent Act

n early 2013

m2 Yuzovska

vestment co

m portions o

ude shale po

a, Romania, Ukr

are expecte

(30%) due t

%.  Thermal

ze some of t

Assessmen

indow.  The

r-Donets Ba

ov Beds and

on of approx

ated to be 59

ndow.  The 

cally recove

ndensate fro

 The smalle

about 1,460 

barrels of sha

e oil resource

ate Commis

the eastern 

 Whether th

ivity 

3 Shell was a

a PSA locate

mmitment is

of the Zagory

otential. 

raine) 

X-

ed to be britt

to the inferre

l maturity ra

the mapped

nt 

e mapped p

asin is estim

d portions of

ximately 195

9 Tcf, out of 

wet gas pro

erable resou

m in-place s

er oil window

mi2.  Risked

ale oil and c

es of 13 billio

ssion on Min

Dniepr-Done

his estimate

awarded Ukr

ed on the so

s $200 millio

yanska and 

 EIA/ARI W

-15 

tle with high

ed frackabilit

anges from o

 prospective

prospective 

mated at 6

f the overlyin

5 Bcf/mi2.  R

a risked sha

ospective are

rces are es

shale gas a

w in the nort

d technically

condensate a

on barrels. 

neral Resou

ets Basin ha

e reflects in-

raine’s first f

outh flank of

on.  Previous

Pokroskoe 

World Shale Ga

 porosity (6%

ty of the sha

oil to dry gas

e area (10%

area for th

,010 mi2.  

ng Upper Vi

Risked, techn

ale gas in-pl

ea of the DD

stimated at 1

nd shale oil

thwestern D

y recoverable

and 1 Tcf of

urces has e

as 2-3 Tm3 (

place or rec

formal shale

f the Dniepr

sly in 2011, 

conventiona

s and Shale Oil 

%).  Gas rec

ale.  TOC ap

s.  On the n

). 

he dry shale

Lower Carb

isean) has a

nically recov

ace of 235 T

DB extends 

16 Tcf of sh

 resources o

niepr-Donet

e resources

f associated 

estimated th

71-107 Tcf) 

coverable re

e gas explor

r-Donets Ba

ENI acquire

al licenses in

 Resource Asses

 

covery rates

ppears favor

egative side

e gas windo

boniferous s

a highly favo

verable shale

Tcf. 

over about 2

hale gas an

of 63 Tcf an

ts Basin cov

 are estimat

shale gas, o

at the Yuzo

of shale gas

esources wa

ation license

sin.  Shell’s

ed from Cad

n the DDB, w

ssment 

s also 

rable, 

e, salt 

ow in 

shale 

orable 

e gas 

2,680 

d 0.5 

nd 10 

vers a 

ted to 

out of 

ovska 

s and 

as not 

e, the 

s first-

dogan 

which 



X. Eastern E

 

 
  
June, 2013 
 
 
 

3. M

3.1 In

T

stretches

overthrus

the north

Moesian 

North Do

Carpathia

considere

Source: AR

Europe (Bulgaria

 

MOESIAN P

ntroduction

The Moesian

s across sou

sted by the B

hern bounda

Platform is

obrogea Oro

ans, contain

ed less pros

Figur

I 2013 

a, Romania, Ukr

PLATFORM

n and Geo

n Platform 

uthern Rom

Balkan thrus

ry; both are 

s separated 

ogen.  The 

ns similar so

spective.   

re X-10: Moesi

raine) 

X-

M (ROMAN

logic Setti

is a compa

ania and no

st system to 

Cenozoic fe

from the C

adjacent G

urce rocks b

an Platform R

 EIA/ARI W

-16 

IA, BULGA

ng 

aratively sim

orth-central 

the south, w

eatures relat

arpathian F

Getic Basin 

but is more d

Region Showin

World Shale Ga

ARIA) 

mple (for E

Bulgaria, Fi

while the Ca

ted to Alpine

Foreland Bas

of Romania

deformed by

ng Shale-Pros

s and Shale Oil 

Europe) fore

igure X-10. 

arpathian thr

e tectonics. 

sin and on 

a, the forela

y Tertiary tec

spective Areas

 Resource Asses

 

eland basin

 The Platfo

ust system f

 To the eas

the north b

and of the S

ctonic events

s. 

ssment 

 that 

rm is 

forms 

st, the 

y the 

South 

s and 



X. Eastern E

 

 
  
June, 2013 
 
 
 

U

rocks are

gas field

and occa

T

prospect

Carbonife

Etropole 

shales (B

shale and

T

and the 

Silurian r

Block in 

4,200 m 

eastern B

of 1 to 5 

T

the main

lower po

interbeds

the Uppe

predomin

pressure

maturity 

Balkan th

O

within the

unstimula

Mid-Trias

Europe (Bulgaria

 

Up to 12 km

e present on

s that have 

asionally from

The Moesian

ive for shale

erous Tanda

Shale; the 

Badenian to

d Jurassic E

The Silurian 

Carpathian 

ranges from

southwest 

deep, and 

Bulgaria, thic

km, but data

The other ma

 petroleum s

rtion, the St

s of marl an

er Jurassic H

nating.20 The

ed in much o

falls in the o

hrust belt (R

Oil and gas h

e Etropole F

ated rate of 

ssic Dolni Da

a, Romania, Ukr

m of mostly f

n the Moesia

been discov

m basal Jura

n Platform 

e gas devel

arei, Vlasin, 

Bathonian (

o Sarmatian)

Etropole Sha

shale in the

Foreland B

 2 to over 5

Romania, th

has about 

ck (650-m), 

a were not s

ain target in t

source rock 

tefanetz Me

nd limestone

Haynesville S

e Etropole S

of the regio

oil window in

o 1.0% to 1.5

has been pr

Formation, su

530,000 ft3/

abnik fields 

raine) 

X-

flat-lying, ca

an Platform, 

vered in this

assic sandst

contains m

opment, Fig

and Calaras

(Dogger) sh

).  The main

ale. 

e Moesian P

Basin furthe

5 km deep a

he Silurian L

3% TOC, F

organic-rich

ufficient to m

the Moesian

in northwes

mber, conta

e that was d

Shale.18  TO

Shale gener

on, with an e

n the north, 

5%).22 

roduced from

uch as the P

/d.  In additio

has been ch

 EIA/ARI W

-17 

arbonate-rich

Figure X-11

s region pro

tone. 15,16  

multiple orga

gure X-12.  

si formations

ales (Bals F

n targets fo

Platform is b

r to the nor

across the M

Llandovery 

Figures X-13

 Silurian sha

map this port

n Platform is 

st Bulgaria, F

ains thick, ca

eposited in 

OC ranges fro

rally ranges 

elevated pre

increasing t

m conventio

Peshtene R-

on, oil produ

hemically link

World Shale Ga

h Paleozoic

.  The relativ

oduce mainly

anic-rich so

These inclu

s, including 

Formation); 

r shale gas 

roadly simila

rth.  Region

Moesian Plat

Shale is at 

3 and X-14.

ales reported

rtion of the p

the Jurassic

Figure X-15.

arbonate-ric

a marine e

om 1.0% to 

from 2.5 to

essure grad

to wet and d

nal silty, san

-5 well which

uced from th

ked back to 

s and Shale Oil 

c and Mesoz

vely few con

y from mid-T

ource rock 

ude the Ord

Silurian sha

and Mid-Mio

exploration

ar to that ta

nal cross-se

tform.  At th

least 160 m

.17  At the B

dly are at pr

play. 

c Etropole S

  In particula

ch (40-50%) 

nvironment, 

4.6%,19 with

o >5 km dee

dient of 0.78

dry gas in th

ndy, and ca

h reportedly 

he Jurassic D

the Etropole

 Resource Asses

 

zoic sedime

nventional o

Triassic dolo

shales that

ovician to U

ales; the Jur

ocene marls

n are the Sil

argeted in Po

ections show

he South Cra

m thick, 4,0

Bulgarian Ar

rospective de

Shale, consid

ar its organic

black shale

not dissimi

h Type II ker

ep21 and is 

8 psi/ft.  The

he south nea

arbonate inte

flowed gas 

Dolni Lukovi

e Shale. 

ssment 

entary 

il and 

omite 

t are 

Upper 

rassic 

s and 

lurian 

oland 

w the 

aiova 

50 to 

rch in 

epths 

dered 

c-rich 

e with 

lar to 

rogen 

over-

ermal 

ar the 

ervals 

at an 

it and 



X. Eastern E

 

 
  
June, 2013 
 
 
 

Figur

Source: Vel
 

Figu

Europe (Bulgaria

 

re X-11: Regio
Paleoz

iciu and Popesc

ure X-12: Strat

Sourc

a, Romania, Ukr

nal Cross-Sec
oic Shale at  M

cu, 2012 

tigraphic Colu

ce: Sterling Reso

raine) 

X-

ctions in of th
Mostly Modera

umn Showing 

ources, 2013 

 EIA/ARI W

-18 

e Moesian Pla
ate Depth with

 

 L. Silurian Lla

World Shale Ga

atform In Rom
h Relatively S

andovery Sha

s and Shale Oil 

mania Showing
imple Structu

les in Southw

 Resource Asses

 

g  Jurassic an
re. 

west Romania.

 

ssment 

d 

 



X. Eastern E

 

 
  
June, 2013 
 
 
 

Figure 

Source: Ste
 
 

Figure 
Shales 

Sou
 

Europe (Bulgaria

 

 X-13: Well Lo

erling Resources

 X-14: SW-NE 
 at the South C

urce: Sterling Re

a, Romania, Ukr

gs Showing P
Craio

, 2013 

 Trending Seis
Craiova Block

esources, 2013 

raine) 

X-

Paleozoic Sect
ova Block (EII

smic Line Sho
k in Southwes

 EIA/ARI W

-19 

tion Including
I-7) in Southw

 

owing Paleozo
st Romania.  S

Present. 

World Shale Ga

g L. Silurian Ll
west Romania.

oic Section Inc
Structure is Re

s and Shale Oil 

landovery Sha
. 

cluding L. Silu
elatively Simp

 Resource Asses

 

ales at the Sou

urian Llandove
le But Faults a

ssment 

uth 

ery 
are 



X. Eastern E

 

 
  
June, 2013 
 
 
 

 

 

A

TransAtla

deep acr

Shale is 

dips cut b

assumed

T

rigorousl

eastern o

into the B

blocks of

sequence

a shale g

 

Europe (Bulgaria

 

Fig

Source: Tra

At the Sud 

antic, the Et

ross the blo

about 3,800

by several fa

d to have rela

The eastern 

y mapped. 

onshore Bulg

Black Sea, F

f Proterozoic

e.  On the o

gas license –

a, Romania, Ukr

gure X-15: We

ansAtlantic Petro

Craiova l

tropole Sha

ock, Figure X

0 m deep, Fi

aults.  Other

atively simila

continuation

 Two time-

garia at two-

Figure X-18.

c basement 

ther hand, t

– holds pres

 

raine) 

X-

ll log across t

oleum Ltd, Febru

icense in 

le ranges fr

X-16.  At th

gure X-17.  

r portions of 

ar structure.

n of the Jur

-structure tr

-way seismi

  The Centra

blocks north

he North Bu

erved Juras

 EIA/ARI W

-20 

the Jurassic E

uary 2011 

southwest 

om 115 to o

he Lovech b

Structure is 

the Moesian

rassic Etrop

ransects sug

c times of 0

al Dobrogea

h of the Pala

ulgarian Arch

sic to Tertia

World Shale Ga

Etropole Shale

Romania, 

over 700 m 

block in nort

fairly simple

n Platform la

pole Shale i

ggest the E

.5 to 3.0 sec

a Green Sch

azu Fault, h

h -- where C

ry sedimenta

s and Shale Oil 

e in Bulgaria 

operated b

thick and 3

thwest Bulga

e in this regi

acking data c

s unclear a

Etropole ma

conds, deep

hist Zone, co

as only a th

Chevron initia

ary sequenc

 Resource Asses

 

 

by Sterling 

3,700 to 4,5

aria the Etro

ion, with flat 

control also 

and could no

ay be prese

pening to the

omprising up

hin or no Jur

ally was awa

ces.23   

ssment 

and 

00 m 

opole 

 lying 

were 

ot be 

ent in 

e east 

plifted 

rassic 

arded 



X. Eastern E

 

 
  
June, 2013 
 
 
 

Figure X
Craiov

Source: Ste
 

Figu

 
Source: Tra
 

Europe (Bulgaria

 

X-16: Regiona
va Block in So

erling Resources

ure X-17: Juras

ansAtlantic Petro

a, Romania, Ukr

al Seismic Sec
uthwest Roma

, 2013 

ssic Etropole 
Petrole

oleum, 2011 

raine) 

X-

ction Showing
ania.  The Stru

Shale is abou
eum’s Lovech

 EIA/ARI W

-21 

g Jurassic and
uctural Dip is 
Present. 

 

 

ut 3,800 m Dee
 Block in Nort

World Shale Ga

d L. Silurian L
 Relatively Ge

ep  with 1.0% t
thwest Bulgar

s and Shale Oil 

landovery Sha
entle but Nume

to 1.3% Ro at 
ria. 

 Resource Asses

 

ales at the So
erous Faults a

 TransAtlantic

ssment 

outh 
are 

c 



X. Eastern E

 

 
  
June, 2013 
 
 
 

Figure X

Source: Tar
 

3.2 R

L

1,600 mi

due to da

Depth ra

maturity 

J

prospect

and sout

(gross) a

Gas reco

moderate

(Ro 1.0%

3.3 R

R

Romania

condensa

respectiv

share is e

Europe (Bulgaria

 

X-18: Regional

ri et al., 2011 

Reservoir P

L. Silurian S

i2, all of whi

ata limitation

anges from 2

ranges from

Jurassic Etr

ive within an

thwest Roma

at moderate 

overy rates a

e, averaging

% to 1.3%).  T

Resource A

Risked, tech

a and Bulgar

ate, out of a

vely.  Roma

estimated at

a, Romania, Ukr

 Cross-Sectio
Bulgaria W

Properties 

Shale.  The m

ch is locate

ns, although 

2 to 5 km.  O

m wet to dry g

ropole Sha

n estimated 

ania.  The m

depth of abo

also could be

g about 3% 

The pressure

Assessmen

nically reco

ria are estim

a risked sha

nia’s share 

t 16 Tcf and 

raine) 

X-

on Showing Th
Which Thin Ma

(Prospecti

mapped pros

ed in Roman

there could

Organic-rich

gas.  TOC is

ale.  Black 

7,940-mi2 a

most organic

out 10,000 f

e favorable 

in the more 

e gradient is

nt 

overable sha

mated to be 

ale gas and 

is approxim

0.2 billion b

 EIA/ARI W

-22 

hick Jurassic 
rkedly to the N

ive Area) 

spective are

nia.  No pro

 be prospec

h thickness a

s estimated a

shales in 

area of the M

-rich shales 

ft.  Porosity 

based on th

prospective

s estimated a

ale resource

47 Tcf of sh

shale oil in-

ately 30 Tcf

barrels.   

World Shale Ga

 Lias and Dog
North into Ro

a for black s

spective are

ctive Silurian

averages ab

at 3%, poros

the Mid-Ju

Moesian Pla

are estimat

is assumed 

e inferred b

e intervals.  

at 0.7 psi/ft.

es in the M

hale gas an

-place of 19

f and 0.3 bi

s and Shale Oil 

ger Shale Dep
mania. 

shales in the

ea was iden

n areas in no

bout 600 ft (

sity at about

urassic Etro

atform, in no

ted to total a

to be mode

rittle litholog

Thermal ma

Moesian Pla

nd 0.5 billion

96 Tcf and 1

illion barrels

 Resource Asses

 

posits in North

e L. Silurian t

ntified in Bul

ortheast Bulg

(gross).  The

t 4%. 

opole Shale

orthwest Bul

about 250 m 

erately high 

gy.  TOC app

aturity is we

atform regio

n barrels of s

10 billion ba

s while Bulga

ssment 

hern 

totals 

lgaria 

garia.  

ermal 

e are 

lgaria 

thick 

(5%).  

pears 

et gas 

on of 

shale 

arrels, 

aria’s 



X. Eastern E

 

 
  
June, 2013 
 
 
 

S

Silurian s

of a riske

J

Jurassic 

be 37 Tc

estimated

S

Pazar blo

Silurian s

to 2,800 

was not p

A

have es

approxim

estimated

prospect

In

resource

26 Tcf, o

Silurian p

3.4 R

S

well has 

the 4,400

January 

fracturing

 

Europe (Bulgaria

 

Silurian Llan

shale of the 

ed shale gas

Jurassic Etr

Etropole Sh

cf out of a ris

d at 0.4 billio

Separately, in

ock has 0.3 

silty shale.  T

m deep, an

possible to m

At the 1,500-

stimated tha

mately 3 Tc

d its blocks

ive resource

ndependent 

es in the Silu

out of 1,295 T

potential in B

Recent Act

Several comp

been drilled

0-km2 Novi 

2012 Chev

g.  

a, Romania, Ukr

ndovery Sha

Moesian Pla

s in-place of 

ropole Sha

hale within th

sked shale g

on barrels of

n northeaste

to 1.0 Tm3 

The Devonia

nd have 3.5%

map this play

-mi2 Sud Cra

at the Silur

cf (Best Es

s hold a to

es (gross; Be

researchers

urian shale o

Tcf of OGIP

Bulgaria.26   

ivity 

panies have

.  In June 20

Pazar bloc

vron can on

 

raine) 

X-

ale.  Risked

atform of Ro

48 Tcf. 

ale.  Riske

he Moesian 

as in-place o

f condensate

ern Bulgaria

(11 to 35 T

an-Silurian w

% sapropelic

y due to lack

aiova license

rian shale 

stimate). Inc

otal of 0.3 T

est Estimate

s in Roman

of the southe

 (Mean Estim

e pursued sh

011, Chevro

k of northea

nly pursue c

 EIA/ARI W

-23 

, technically 

mania and B

d, technica

Platform of 

of 148 Tcf, w

e out of 7.9 b

, the govern

cf) of shale 

was reported

c organic ma

k of data. 

e in southwe

has gross 

cluding the 

Tm3 (11 Tc

e).25 

nia recently 

ern Romania

mate).  The 

hale gas lea

on received a

astern Bulga

conventional

World Shale Ga

recoverable

Bulgaria are

lly recovera

Romania a

while shale o

billion barrel

nment has e

gas resourc

d in the stud

atter with TA

est Romania

recoverable

Jurassic E

cf) of unrisk

y estimated 

an portion of

Jurassic wa

asing in Bulg

a 5-year sha

aria.  Howe

l targets in 

s and Shale Oil 

e shale gas 

 estimated t

able shale 

nd Bulgaria 

oil/condensa

ls of risked o

estimated th

ce potential 

dy to be up to

AI from 2 to

a, Sterling a

e prospectiv

Etropole, T

ked, recove

the technic

f the Moesia

as not asses

garia but on

ale gas explo

ever, since t

the block w

 Resource Asses

 

resources in

to be 10 Tcf,

resource in

are estimat

ate resource

oil in-place.

e 4,400-mi2

in the Devo

o 2 km thick

o 5.24  Howev

and TransAt

ve resource

ransAtlantic

erable shale

cally recove

an Platform 

ssed, nor wa

ly one shale

oration perm

the shale ba

without hyd

ssment 

n the 

, out 

n the 

ted to 

es are 

Novi 

onian-

k, 800 

ver, it 

tlantic 

es of 

c has 

e gas 

erable 

to be 

as the 

e test 

mit for 

an of 

raulic 



X. Eastern E

 

 
  
June, 2013 
 
 
 

U

holds a s

Moesian 

was also

In

3,190-m 

Jurassic 

located n

in the Ju

gas show

described

fracture 

Shale els

C

Dobruja 

shale ga

January 

Bulgarga

REFERE

               
1 Rudko, G.

Instrumen
February 

2 Shale Ga
Overview.

3 Daborows
Status, an

4 Seghedi, 
Sciences,

5 Sachsenho
125-136. 

6 Koltun, Y.,
External C

7 Ionescu, 
“Hydrocar

Europe (Bulgaria

 

US-based Tr

shale gas e

Platform no

o awarded th

n November

deep Golja

Etropole Sh

near the Pes

urassic Etrop

ws (C1-C3) 

d rock prope

stimulated a

sewhere on 

Canada’s Pa

province (bl

as at the No

2012 when

az has not di

ENCES 

                   

. and Lovyniuko
nt of Investment
14, 32 p. 

s Research Gro
.”  Sofia, Bulgari

ki, T. and Grosz
nd Outlook.”  Ce

A., 2012.  “Pala
 vol. 21, p. 669-

ofer, R.F. and K

, Espitalie, J., Ko
Carpathians and

L., Ionescu, B.
rbons Prospectin

a, Romania, Ukr

ransAtlantic 

exploration li

orth of the B

e adjacent 6

r 2011 Tran

amo Peshten

hale.  The R

shtene R-5 w

pole.  The R

and cored 2

erties as sim

as Bulgaria 

the Lovech 

ark Place E

ocks Vranin

ovi Pazar fie

n the shale

sclosed any

               

v, V.I., 2013.  “S
t Proposals on 

oup, 2011.  “Hy
a, 26 January, 4

zkowski, J., 2012
ntre for Eastern 

aeozoic Format
721. 

Koltun, Y.V., 201

otarba, M., Rou
 the Adjacent Fo

, Marinescu, D
ng Using Integra

raine) 

X-

Petroleum, 

icense at th

Balkan forel

648-km2 Koy

nsAtlantic an

ne R-11 exp

R-11 well wa

well, which h

R-11 well pe

289 m of th

milar to thos

has a ban 

block where

nergy recei

no 1 to 11). 

eld, also loc

e gas ban c

y shale-relate

State Classificat
 Energy Resou

ydrocarbon Pote
41 p. 

2.  “Shale Gas in
 Studies, Warsaw

tions from Dobro

2.  “Black Shale

re, F., Ellouz, N
oreland.”  Journa

D., Nedelcu, M.I
ated Geophysica

 EIA/ARI W

-24 

through its

e 2,300-km2

ands in nor

ynare block. 

nd Canada-

ploration we

as drilled in

had flowed 5

enetrated 35

he Jurassic 

se of produc

in place.  T

e it is about 3

ved an exp

 In June 20

cated in Do

came into 

ed activity.   

tion of Mineral R
rces.”  Black S

ential and Prosp

n Bulgaria, the C
w, Poland, 30 p.

ogea and Pre-D

es in Ukraine – A

., and Kosakows
al of Petroleum G

., Balint, I., Liv
al Methods (Mag

World Shale Ga

s subsidiary
2 Lovech blo

rthwest Bulg

  

-based part

ell at Lovec

n 56 days an

530,000 ft3/d

54 m of Etro

Etropole an

ctive US sha

TransAtlanti

3,800-m dee

ploration pe

11 Chevron

obruja, but t

effect.  Bul

  

Resources and 
Sea and Caspia

pects of NE Bu

Czech Republic 
. 

Dobrogea – An 

A Review.”  Mari

ski, P., 1998.  “P
Geology, vol. 21

vanov, O., Pom
gnetotelluric Sou

s and Shale Oil 

y Direct Pet

ock, located

garia.  Trans

ner LNG E

h to core a

nd cost $7.5

d from a con

opole argillit

nd Ozirovo f

ale plays.  T

c plans to t

ep.27   

rmit in nort

n won a tend

the permit w

lgaria’s stat

Reserves of Uk
an Sea Energy 

ulgaria and Offs

 and Romania: P

 Overview.”  Tu

ine and Petroleu

Petroleum Gene
, p. 265-288. 

marjanschi, D., a
undings, Gravity

 Resource Asses

 

troleum Bulg

d in the sou

sAtlantic rec

nergy drilled

and test the 

5 million.  It

ventional int

e with nume

formations.  

The well wa

test the Etro

thwest Bulga

der to explor

was cancell

te gas com

raine as an Eva
 Conference, L

shore Black Sea

Political Context

urkish Journal o

um Geology, vol

eration in the Uk

and Pomarjans
y and Magnetics

ssment 

garia, 

uthern 

cently 

d the 

Mid-

t was 

terval 

erous 

LNG 

as not 

opole 

aria’s 

re for 

ed in 

mpany 

aluation 
London, 

a – An 

t, Legal 

f Earth 

. 31, p. 

krainian 

chi, O.  
) in the 



X. Eastern E

 

 
  
June, 2013 
 
 
 

               
External F
American 

8 Saadre, T
Volynia R

9 Veliciu, S.
Assessing

10 Izart, A., B
Moscovia

11 Stephens
the Dniep

12 Stovba, S
from Regi

13 Sachsenh
Source Ro

14 Law, B.E
Evaluated

15 Barbulice
Framewor
American 

16 Tari, G., 
Moesian P
Region An

17 Sterling R

18 TransAtla

19 Shale Ga

20 TransAtla

21 Zilinski, R
Petroleum
Associatio

22 LNG Ene

23 Georgiev
21, p. 723

24 Shale Ga

25 TransAtla

26 Veliciu an

27 TransAtla

Europe (Bulgaria

 

                   
Flysch Zone (E
 Association of P

., Einasto, R., N
egion, Northwes

. and Popescu, 
g the Resource.”

Briand, C., Vasle
n in the Donets 

son, R.A. et al., 
er-Donets Rift a

S., Stephenson, 
onal Seismic Re

hofer, R.F., Shy
ocks in the Dnie

., Ulmishek, G.F
d in Dnieper-Don

eanu, N., Oterd
rk, Moesian Pla
 Association of P

 Ciudin, D., Kos
Platform of Rom
nnual Conferenc

Resources, 2012

antic Petroleum L

s Research Gro

antic Petroleum L

R.E., Nelson, D.R
m System, Sout
on of Petroleum 

rgy Ltd, Prelimin

, G., 2012.  “Ge
3-754. 

s Research Gro

antic Petroleum L

nd Popescu, 201

antic Petroleum L

a, Romania, Ukr

                   
astern Carpathi

Petroleum Geolo

olvak, J., and St
stern Ukraine.”  B

B., 2012.  “Are 
”  Petroleum Clu

et, D., Vachard, 
Basin.”  Tectono

 1993.  “Contine
nd Polish Troug

R.A., and Kivsh
eflection Profiles

manovskyy, V.A
pr-Donets Basin

F., Clayton, J.L.,
nets Basin, Donb

oom, H., and T
atform and the 
Petroleum Geolo

stner, A., Railea
mania and Bulga
ce, Kiev, Ukraine

2.  “Onshore Rom

Ltd, 2011.  SEC 

up, 2011. 

Ltd, 2011.  SEC 

R., Ulmishek, G.
hern Moesian P
Geologists, Euro

nary Short Form 

ology and Hydro

up, 2011. 

Ltd., 2012.  Corp

2. 

Ltd., 2011.  “A-L

raine) 

X-

                   
ians, Northern M
ogists, European

touge, S., 2004.
Bulletin of the G

 the Paleozoic P
b, 26 p. 

 D., Coquel, R., 
ophysics, vol. 26

ental Rift Develo
h Basins.”  Sedi

ik, M., 1996.  “S
s.”  Tectonophys

A., Bechtel, A., G
n, Ukraine.”  Petr

, Kabyshev, B.P
bas Foldbelt, Uk

Tulucan, A., 201
 Getic Basin, R
ogists, European

anu, A., Tulucan
aria.”  AAPG Se
e, October 17-19

mania – Craiova

 Form 8-K, Febr

 Form 8-K, Febr

F., Tonev, K., V
Plate, Bulgaria.”
opean Region A

 Prospectus, Aug

ocarbon System

porate Presentat

ovech License, 

 EIA/ARI W

-25 

                  
Moldavia).”  AA
n Region Annual

  “Ordovician St
eological Societ

Plays the Future

 and Maslo, A., 1
68, p. 189-209. 

opment in Preca
mentary Geolog

Structural Feature
ics, vol. 268, p. 

Gratzer, R., Hor
roleum Geoscien

P., Pashova, N.T
raine.”  Oil and G

10.  “Identificati
Romania.”  AAP
n Region Annual

n, A., Vacaresc
earch and Disco
9, 2010. 

: UCG Silurian S

uary 4, 2011, 26

uary 4, 2011, 26

Vladov, J., and E
”  AAPG Searc

Annual Conferen

gust 29, 2011, 1

ms in the Wester

tion, January, 31

Bulgaria.”  Augu

World Shale Ga

                   
APG Search an
l Conference, Ki

tratigraphy of the
ty of Denmark, v

e of Unconventi

1996.  “Stratigra

ambrian and Ph
gy, vol. 86, p. 15

es and Evolution
127-147. 

rsfield, B., and R
nce, vol. 16, p. 3

T., and Krivoshe
Gas Journal, No

ion of Petroleum
PG Search and
l Conference, Ki

cu, G., and Van
overy Article #1

Shale Gas.”  Pos

6 p. 

6 p. 

by, D.E., 2010. 
ch and Discover
ce, Kiev, Ukrain

16 p.  

rn Black Sea.”  T

1 p. 

ust, 8 p. 

s and Shale Oil 

                   
d Discovery Art
iev, Ukraine, Oc

e Kovel-1 Well (
vol. 51, p. 47-69.

ional Gas in Ro

aphy and Seque

anerozoic Europ
59-175. 

n of the Dniepr-D

Reischenbacher
377-399. 

eya, V.A., 1998. 
ovember. 

m Systems in a
d Discovery Art
iev, Ukraine, Oc

ngelov, D., 2011
0311, Adapted 

ster.  

 “Unconventiona
ry Article 90109

ne, October 17-1

Turkish Journal 

 Resource Asses

 

                   
ticle 90109 (Ab

ctober 17-19. 

(Volkhov-Haljala
. 

omania? An Atte

nce Stratigraphy

pe: EUROPROB

Donets Basin, U

, D., 2010.  “Pa

  “Basin-Centere

a Complex Geo
ticle 90109 (Ab

ctober 17-19. 

1.  “Play Types 
from AAPG Eu

al Plays in the E
9 (Abstract), Am
9. 

of Earth Science

ssment 

         
bstract), 

) in the 

empt of 

y of the 

BE and 

Ukraine, 

leozoic 

ed Gas 

ological 
bstract), 

 of the 
ropean 

Etropole 
merican 

es, vol. 


