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DRILLING FOR ABIOGENIC GAS IN THE SILJAN IMPACT 
STRUCTURE, SWEDEN: A PROGRESS REPORT; John R. Castafio, Consultant 

The Gravberg-1 well is situated in an area of central Sweden 
known as the Siljan Ring, which was formed as the result of a 
meteorite impact about 360 m.y. ago. The well was drilled as a 
commercial venture by Vattenfall, the Swedish State Power Board. 
The Gas Research Institute (GRI) participated in the project in 
order to collect information concerning future exploration of 
deep natural gas resources, as postulated by Thomas Gold,The 
objective was to explore for abiogenic deep mantle gas in the 
crushed granite bedrock of the crater, The only rock types 
encountered were granitoids and diabases of pre-Cambrian age. 
The well was suspended in Sept. 1987 at a true vertical depth of 
6337 meters, 

Pre-drillirig geophysical investigations in the area showed 
an anomalous structure in the upper 8 km. together with many low 
amplitude reflectors, both dipping and subhorizontal. A circular 
gravity minimum of about 40 km. in diameter is centered on the 
drill site. Diabase sills, fine grained granite intrusions and 
fracture zones all contribute to the geophysical expression. The 
strongest reflectors have proven to be associated with the low 
dipping diabase sills. 

The scientific sampling program incorporated a close 
cooperation of extensive measurements made at the well site in 
coordination with a group of eight laboratories performing 
various geochemical analyses. At the well, hydrocarbon gages were 
monitored by three systems, each one of which offers particular 
advantages. Inorganic gases, Hz , C02 , N2 , 0 2  , He, Ra, and Hz S were 
also measured. Many devices were redesigned in order to obtain 
the precise data required for the project. 

The offsite laboratories analyzed gas and mud samples, 
canned cuttings [for headspace and desorbed gas analysis], as 
well as dried cuttings. These analyses parallel the ones done at 
the well but also include the isotopic compositions of Ci, CZ, 
C3 , D, and He. 

Study of the cuttings at the well included a description 
which had special emphasis on rock attributes that can be related 
to porosity and permeability, which in turn can indicate the 
presence of a reservoir. The lithologic study was also designed 
to describe those elements which can affect a tie to the wireline 
logs. Important parameters are epidote, reddish altered feldspar, 
chlorite and sericite, Textural features that were tabulated 
include the incidence of fractures, cataclastic and brecciated 
grains, vugs and drusy crystals. Although most fractures are 
healed with secondary minerals, the presence of drusy crystals 
shows that some fractures are open. A mineralogical point count 
analysis helped in the identification of changes in rock types. 
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Inorganic rock analyses include petrographic and x-ray 
studies, plus major and trace element analyses. These data have 
enabled us to make a subdivision of the granites into three main 
types. Preliminary radiometric age dating using Pb/U, K/Ar, and 
4 0 ~ r / 3 9 ~ r ,  indicates that the granites are around 1 7 0 0  m.y., the 
diabases are around 925 m . ~ . ,  while the melt rocks caused by the 
impact are 3 5 0 - 3 6 0  m.y. Evidently, the heat generated by the 
impact did not reset the radiometric ages. 

Two types of hydrocarbon gases have been found. A dry gas, 
containing 90-98% methane occurs in the diabases; these are the 
major gas shows. Overall, gas shows have been small: Ci values 
range up to several hundred ppm. In the granite, the methane 
content 1s 50-70%, and the gas includes a rather high 
concentration of ethane and propane. The diabase gases are very 
low in unsaturates, while in the granite the olefins are present 
in almost equal amounts with the saturates. The diabases contain 
isotopically very heavy methane (delta C 1 3  of -10 to -25  permil), 
similar to abiogenic gases found in the East Pacific Rise. In the 
granite, the methane is lighter (delta C 1 3  of -23 to -36 permil). 
In the relatively few samples where the isotopic composition of 
ethane and propane have been measured, these values are lighter 
than the corresponding values for methane. These isotopic 
profiles a re  similar to the profiles in abiogenic gases,and they 
are quiLe distinct from the ones obtained from thermoqenic gases. 
Because it, is possible that at least some of the gas in the 
granite is artificial,i.e., created as an artifact of the 
drillinq process, it is not clear what the origin of the gases in 
granite are at this point. 

H y c i r o g e n  is a prominent part of the gas mix; i t  usually is 
present in concentrations exceeding methane by at least an order 
of magnitude. Helium is found largely below 6 0 0 0  meters; isotopic 
studies show that it is crustal in origin. 

The nature of the drilling fluid, ranging from fresh water 
to a bentonite-barite mud (at times contaminated with diesel), 
and an oi-l-base mud has had a significant effect, on the quantity 
and quality of gas shows. 
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