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Abstract 

The Transylvanian Basin as a back arc and a piggyback basin has a thick lithosphere. In this so-called cold basin, there are salt deposits over 
which biogenic gas was trapped (Krézsek et al 2010). The rate of the generated gas related to the rock volume of this post-salt basin strongly 
exceeds the average. This allows for the presumption that this methane could have multiple sources. Besides the well-known biodegradation of 
the organic matter from the sedimentary sequence we supposed to have a secondary methane source from the ancient Deep Hypersaline Anoxic 
Basins (DHAB), where considerable amount of methane was produced by bacteria (MedRIFF 1995, Unger & LeClair 2017, 2018). Huge 
quantities of dissolved methane get through these DHAB surfaces into normal salty sea water. This methane output originating from the brines 
was measured by MedRIFF (1995) and published by Karisiddaiah (2000), proving an occurrence of daily methane output. The question is this: 
where do the escaping methane molecules migrate? Since in a cold basin, the dissolved methane will be frozen and caught by water molecule 
clathrates, forming methane hydrates (MH). These methane hydrates can be preserved for geological time on the bottom of the basin, where 
further methane hydrates could accumulate, adding to the previously frozen ones in the course of basin filling Late Badenian to Late Sarmatian. 
Once the volcanic activity started in the East Carpathian, the geothermal gradient increased, and the methane hydrates started to dissociate. 

1m3 of MH yields 0.8m3 freshwater and 164m3 CH4 

This is an endothermic process triggering considerable volume increase and creating overpressure zone. Due to this pressure, methane starts 
migrating to the current reservoirs and traps. The freshwater generated by dissociation dilutes the reservoir water, reducing its initial salinity 
(120-200g/l). Such diluted reservoir water (7-12g/l) has frequent occurrence in the Transylvanian Basin; it is mostly characteristic of deep 
reservoirs related to gas fields such as Grebenișu de Câmpie-Dobra, Păingeni, Corunca, Filitelnic, etc. Our deduction is this: besides the 
primary and the secondary methane sources, we face a tertiary methane source and the origin of this is from methane hydrates. 

mailto:zunger@shpbv.eu
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"Theories do not have to be true, just good”
[Roland Eötvös]

UNESCO Memory of the World: 2016 Year of Eötvös in Hungary: 2019

https://www.digitalmeetsculture.net/article/collection-of-palestinian-posters-nominated-for-the-unesco-memory-of-the-world/


Transylvanian Basin
in Romania

Krézsek&Bally 2008; Krézsek 2010



Two models exist for the origin of salt in Transylvania:

1. Classical evaporation (Achenius, i.e. Kara Bugas bay example)

2. Deep Hypersaline Anoxic Basin (Unger&LeClair 2018)

Salt and Methane Origin in the
Transylvanian Basin

Two theories are present for the generation of biogenic 
methane of the Transylvanian Basin:

1. Bacterial degradation of the organic material within the 
deposited sediments (classical biogenic)

2. Parallel salt and methane generation from Deep
Hypersaline Anoxic Basins (Unger&LeClair 2018)



Salt and Methane Origin in the
Transylvanian Basin
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If methane content of current DHABs

continues to be confirmed (Karisiddaiah [2000] and M. Yakimov et.al. [2013]),

then substantial volumes of biogenic methane are likely trapped in buried brines

~40 mg/L

Since acetate decomposes into: CH3–COOH- = CH4 + CO2

an additional source for yielding methane in the brine 

~500µmol/L = ~30mg/L is available;

Totally the aggregated methane concentration tend to ~70mg/L in buried brine.

As a consequence:
these brines can serve as secondary

sources for biogenic hydrocarbons!

Salt and Methane Origin from TrB



Well known, from the frozen pipelines

Methane Hydrates



Methane hydrates are METHANE CLATHRATES 
– stable compounds of methane and water

Definition of Hydrates



Methane hydrates are the METHANE CLATHRATES

Chemistry of Methane Hydrates

Methane clathrates are 
composed of several water 
molecules which trap 
methane and form a stable 
mass

Certain temperature and
pressure conditionsC
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Clathrates are the results
of thermodynamic laws

The Water Phase Diagram



Hydrate Facies

All this because of 

Transylvanian Basin water depth during Middle Miocene was up to 3000 m 



Clathrates occurrences on the Earth



Clathrates occurrences offshore
depth, thickness, dissociation pressure tempperature



Clathrates Occurrences Onshore

2016
a Jamal- and Gidan peninsula

Siberia

Jamal-Nyenyec Region,

close to

Bovanenkovszkoje gas field
(Siberia)



M. Yakimov et.al. [2013]

DHAB Brine Characteristics

Daily methane production: MPR, um/L/day (red line)



diffusive methane flux 1.1 mol /m2 /yr
advective methane fluxes of up to 2 mol /m2 /yr

MEDRIFF Consortium 1995

Methane output from the brine
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BSR: Bottom Simulating Reflector

Gas Hydrate Stability Zone (GHSZ)

Biogenic Gas Generation and Hydrate 
Formation

Gas Generation

HaroldZsófia, BalázsAttila, BarthaAttila, SzalayÁrpád (2018) 

Gas Hydrate Generation Theorized
in the East Pannonian Basin

Wygrala et al. 2013



L’Atalante and Urania Basins analogy for the former Transylvanian Sea
Sonar Line from Bottom of the Mediterranean Sea

CH4 Hydrate
H2O+CH4 H2O+CH4

Mediterranean Sea DHABs 
as a Modern Analogy



DHAB Hydrate Formation

CH4 Hydrate
H2O+CH4H2O+CH4

In the Deep Med DHAB, 
hydrate formation is 
inhibited by the high 
salinity of the DHAB 
below the interface. 

Hydrates are theorized 
to occur above the 
interface, in the less 
saline water.

Endothermic reaction



DHAB Hydrate Formation

CH4 Hydrate
H2O+CH4H2O+CH4

In the Deep Med DHAB, 
hydrate formation is 
inhibited by the high 
salinity of the DHAB 
below the interface. 

Hydrates are theorized 
to occur above the 
interface, in the less 
saline water.
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A metán-hidrát stabilitás hőmérséklet-nyomás feltételei vizes NaCl oldatban

0,59 mol=35g/l 1 mol 2 mol 3 mol 4 mol 5 mol

Endothermic reaction



Transylvanian Basin
Gas Hydrate Formation 

Basin fill

CH4 Hydrate
CH4 Hydrate



Black Sea as a Modern Analogy 
for the Ancient Pannonian Basin

Radu Gh.&Sandu V.(2015) Monitorul de Petrol si Gaze, XIV,nr.2 (156), pp.2-5.



Derecske
Trough

Black Sea as a Modern Analogy 
for the Ancient Pannonian Basin

Report on Hydrate Formation and Stability in the Black Sea



Methane Hydrate Dissociation

Methane Hydrate Melting => Fresh Water + Methane  (exothermic reaction)

Methane hydrate dissociation would happen in the Transylvanian Basin due to 
the increasing geothermal gradient during East Carpathian volcanism.
Afterwards the gas migrated to the sand bodies, resulting in over-pressured 
reservoirs of methane and sweeter (less salty) water in the reservoirs.



Transylvanian Basin traps
[Krézsek 2010]

Post Middle Badenian traps and reservoirs



Sweetener water in the reservoirs
in Transylvanian Basin 1-27 [g/l]

FIELDS:

Grebenișu de Câmpie
- Depth: 1500-1600m
- Salinity: 7-18

Dobra
– Depth: 1100-1400m
– Salinity: 3-15

Damieni
– Depth: 2200-2500m
– Salinity: 8-14

Corunca N
– Depth: 1200-1700m
– Salinity:11-22 

Corunca S
– Depth:1500-1700m 
– Salinity: 9-20

Eremieni
– Depth:2200m 
– Salinity: 5-17

Magherani
– Depth:2400-2500m 
– Salinity: 7-19

Filitelnic
– Depth: 2000-2800m
– Salinity: 1-13

Lechinta
Depth:1800m 
Salinity: 5-20

Ludus
Depth:700-900m 
Salinity: 3-21

Sincai
Depth:1400m 
Salinity: 7-17

Laslau Mare
Depth:2100-2800m 

Salinity: 3-15

Deleni-Haranglab
Depth:900-1100m 

Salinity: 1-27



Conclusions

1. Methane hydrates could have formed in the Transylvanian Basin from Late 
Miocene to until end of Sarmatian from methane generation by DHAB

2. Several million years of methane hydrate formation could have been the 
preserved

3. Dissociation of the methane and water could happen due to the volcanic activity 
and the resulting increased heat flow

4. The over-pressured reservoirs would be due to the dissociation of the gas from 
the hydrates and the large increase in the volume of gas and liquid

5. The low salinity of the water from deeper reservoirs could be due to the hydrate 
dissociation process which creates fresh water

Three theories exist for the methane gas generation in the  Transylvanian Basin: 
biodegradation of organic material, generation from ancient brines (DHAB), and 
from METHANE HYDRATES.
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