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methane concentration was registered, gas sam-
ples were collected from the accumulation cham-
ber and directed to a  detailed chromatographic 
analysis (field sampling and analytical procedure 
– see Sechman & Dzieniewicz 2009).

There were 137  measurements taken on 
87  stands in total, recording emission from the 
land surface, and emission with application of 
1-m deep holes – in order to omit the “screen-
ing” near-surface zone (Sechman & Dzieniewicz 
2009). The emission was recorded along the 1000-
m long profile, where samples of soil gas were col-
lected previously, and around the drill holes cov-
ered with soil. Furthermore, during the process of 
drilling 4 boreholes, there were CH4 test emission 
measurements taken examining change in meth-
ane flux with depth (to 10 m). In case of the KB-7 
borehole, measurements were taken 1 and 22 days 
after the drilling.

The natural emission was recorded on 70 mea-
suring stations. The flux was identified only in 
30% of the performed measurements. Negative 
emission was predominant within the examined 
area (68% of all measurements), with an average 
value of −3.8 mg∙m−2∙d−1. Average value of the pos-
itive flux reached 3 mg∙m−2∙d−1. Range of the mea-
sured flux values is comprised within the scope 
from −5.2 mg∙m−2∙d−1 to 14.9 mg∙m−2∙d−1. Emission 
measurements with the additional holes were car-
ried out at 37 positions. Fluxes with positive val-
ues were identified in 6 of them, while the negative 
values were recorded in 4. Range of the measured 

Methane emissions associated with the hydrocar-
bon-generation process occurring in sedimentary 
basins are considered to be one of two types of geo-
logic sources of methane emissions to the atmo-
sphere. Current methane emissions releasing from 
geological sources amount 45–60 Tg CH4 yr–1. The 
measured values of flux migrating from soil into 
the atmosphere are influenced by a series of fac-
tors, e.g. porosity and permeability of overlying 
layers, occurrence of cracks and faults, atmospher-
ic pressure, seasonal temperature fluctuations and 
presence of methanotrophic bacteria. The latter, 
as a result of methane consumption, may trigger 
negative flux values (Etiope 2015). Previously, the 
methane emission measurements in the Polish 
Outer Carpathians were carried out with a meth-
od of static chambers (Sechman & Dzieniewicz 
2009). The studies presented in the paper con-
sisted in initial methane emission measurements 
by flux meter. Their purpose was to examine dis-
tribution of methane fluxes on the land surface, 
as well as change in emission along with depth, 
omitting the ‘screening’ near-surface zone. The 
studies were carried out in a small area of the Car-
pathian petroleum oil region, nearby Rymanów, 
between October and December 2015.

Measurement of the methane fluxes were per-
formed with application of a  portable flux me-
ter (West System 2012). The device performs one 
measurement per second on average, recording 
concentration changes in time (ppm/s). Average 
measurement time was 360 seconds. When a high 
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flux values with the additional hole was from 
−6.4 mg∙m−2∙d−1 to 2 mg∙m−2∙d−1; average negative 
and positive flux values are as follows, respec-
tively: −2.3  mg∙m−2∙d−1 and 1.3  mg∙m−2∙d−1. With-
in the examined area, methane emission from the 
land surface, and to the depth of 1 m, was iden-
tified only in 30% of measurements. The mea-
surements are characterized by low values, from 
−6.4 mg∙m−2∙d−1 to 14.9 mg∙m−2∙d−1. 

Results of test emission measurements record-
ed in subsequently drilled depth intervals, per-
formed for 4 drilling boreholes. For the KB-6, 
KB-7, KB-8 and KB-10 boreholes, average values 
of methane emission from subsequent depth in-
tervals were as follows, respectively: 49.2, 68.6, 3.5 
and 1.5 mg∙m−2∙d−1. These results are higher than 
values of natural emission measured on the land 
surface or with application of holes to 1 m.

The highest emission values were recorded for 
the KB-7 borehole. A detailed distribution of CH4 
flux values was correlated with a  lithology and 
molecular composition of gas collected from the 
accumulation chamber in three depth intervals 
(3.5 m, 5.5 m and 10 m). Results of the gas mo-
lecular analysis prove that the source of methane 
emission is characterized by both microbial and 
endogenous origin. It is assumed that occurrence 
of components heavier than methane in the sam-
ples, arises from their depth origin (Saunders et 
al. 1991). An increase of methane concentration 
in intervals related to occurrence of shales – may 
suggest its recent origin. It also needs to be no-
ticed that C1/C2 ratio values (from 207 to 807) in-
crease along with depth, what may prove prevail-
ing share of microbial methane. When 24 hours 
passed after drilling the KB-7 borehole, the emis-
sion value dropped to 0.6  mg∙m−2∙d−1, and after 
about three weeks, during an hourly emission 
measurement, a  positive flux of 0.1  mg∙m−2∙d−1 

was observed in time 0–470  second and a  neg-
ative flux of −0.05  mg∙m−2∙d−1 was observed in 
time 480–2660  second. Furthermore, small con-
centrations of ethane (0.006  ppm) and ethylene 
(0.005 ppm) were identified in gas sample collect-
ed after 22 days.

The emissions study conducted in the Ry-
manów area (Outer Carpathians) indicates the 
mixed source of methane. In order to determine 
the detailed methane source, it would be neces-
sary to perform an analysis of the carbon isotopic 
composition in the samples taken. The low emis-
sion values measured on the land surface results 
from the fact that the emissions were suppressed 
by the sealing overburden layer. The measure-
ments taken 1 day and then 22 days after drilling – 
in the KB-7 stabilized borehole, show a decline in 
emissions value. This may result from an insignif-
icant inflow of hydrocarbons from the depth, bac-
terial oxidation of these hydrocarbons, and from 
the influx of air to the borehole.
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