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SUMMARY 

The results of experimental studies using mobile methods of frequency-resonance processing and 
interpretation of Earth remote sensing data (satellite images) and photographs are analyzed. 
Demonstration studies were conducted at local sites in Azerbaijan, Tatarstan and Latvia with the aim 
of improving methodological techniques of frequency-resonance methods using in the search and 
exploration process, as well as exploring the possibility of their use for detecting and localizing 
hydrogen accumulation sites. Within the examined small zones of visible hydrogen degassing, 
responses were recorded at resonant frequencies of hydrogen, as well as signals at frequencies of 
igneous rocks of gabbro and basalts. The experimental work carried out indicates the possibility of 
frequency-resonance methods using in the search for hydrogen deposits. It can also be assumed that the 
areas of basalts and gabbros rocks location can be considered priority when prospecting for hydrogen 
conducting. 
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Introduction. The papers (Yakymchuk and Korchagin, 2019a; Yakymchuk et al., 2019b; 2019c) 
present the results of the mobile direct-prospecting geophysical methods using for the detection and 
localization of hydrogen accumulations in various parts of the globe. They testified the feasibility of 
such character work conducting in other regions, including the areas of active oil and gas production. 
The report analyzes the materials of additional testing of the technology used in Azerbaijan, on a 
small site in the Republic of Tatarstan, as well as on a hydrogen well drilling site in Latvia. 
 

Methods of research. Reconnaissance studies in Azerbaijan, Tatarstan and Latvia were carried out 
using the technology of frequency-resonance processing and decoding of satellite images and 
photographs and the method of integrated assessment of the petroleum potential of local areas and 
large blocks (Yakymchuk and Korchagin, 2019a; Yakymchuk et al., 2019b; 2019c). In these methods, 
bases (sets, collections) of chemical elements, minerals, oil and condensate samples, as well as 
sedimentary, igneous and metamorphic rocks are used, whose resonant frequencies are used during 
the satellite images processing. The collection of oil samples in the database includes 117 copies, gas 
condensate - 15 samples (Yakymchuk and Korchagin, 2019a). 
The base of sedimentary rocks consists of 12 groups: 1) psephites, monomineralic conglomerates (22 
samples); 2) psammites (18); 3) silts, argillites, clays (6); 4) kaolinite mudstones (6); 5) kaolin clay 
(10); 6) sedimentary-volcanoclastic rocks (9); 7) limestone (24); 8) dolomites (11); 9) marls (10); 10) 
siliceous rocks (13); 11) salt (3); 12) coal (3). 
The collection of photographs of igneous and metamorphic rocks includes 18 groups: 1) granites and 
rhyolites (29 samples); 2) granodiorites and dacites (7); 3) syenites and trachytes (18); 4) diorites and 
andesites (14); 5) lamprophyres (14); 6) gabbro and basalts (32); 7 no-feldspathic no-feldspathoid 
ultramafic rocks (20); 8) feldspathoid syenites and phonolites (23); 9) feldspathoid gabbroids and 
basaltoids (6); 10) no-ultra-ultramafic and mafic rocks (10); 11) kimberlites and lamproites (20); 12) 
non-silicate carbonatites (8); 13) metamorphic granulites (10); 14) metamorphic gneisses (26); 15) 
metamorphic schists (44); 16) metamorphic microcrystalline schists (phylits) (11); 17) 
metamorphosed schist (2); 18) iron ore (5). 
Photos of the listed sets of samples of sedimentary, metamorphic and igneous rocks are taken from the 
site http://rockref.vsegei.ru/petro/.  
Quite often, when research conducting, the additional chemical elements and minerals are used: 
hydrogen, carbon, helium, oxygen, gold, diamond, amber, iron, as well as groups (sets) of the 
minerals of oxygen, hydrogen and aluminum. 
Note also that the composition of the above groups of rocks, minerals, and individual chemical 
elements can be expanded by adding other samples from different regions to their sets (including 
photographs of rocks from outcrops, as well as core from drilled wells). 
 

Research results. Azerbaijan. At the initial stage, a visual analysis of satellite images in the north-
eastern part of Azerbaijan was carried out in order to detect areas of visible hydrogen degassing. Such 
local zones were found in this region of Azerbaijan. Satellite images of six such sites (Figure 1) were 
used later in the planned studies. Within the areas shown in Figure 1, there are points with 
coordinates: a) 413319.26N, 484439.45E; b) 412759.10N, 485234.73E; c) 411135.84N, 
490755.54E; d) 410611.44N, 490746.49E; e) 410151.12N, 491029.87E; f) 
402438.20N, 495731.30E. 
Area 1. Within this image, four local fragments for examination were identified (rectangular contours 
in Figure 1a). 
Within fragment 1, responses were recorded at the frequencies of hydrogen and basalts. Responses 
from other groups of igneous and sedimentary rocks are not recorded. By fixing responses from 
basalts at various depths, the root of the basalt channel (volcano) was established at a depth of 723 
km. The upper boundary of basalts is determined at a depth of 2270 m. Signals at hydrogen 
frequencies were detected by scanning from a depth of 2320 m. 
Responses from hydrogen were recorded on the area of fragment 2. Further processing of this 
fragment was not carried out due to its location near the first fragment. 
During processing of fragment 3, responses from water and ice were recorded; signals from basalts 
and hydrogen were absent. A black cloud is located within this fragment of the image. 
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As in the previous one, a black cloud is located on fragment 4; there are no signals from basalts and 
hydrogen. 
Fragment 5 is an image of a white cloud. Within its limits, responses are recorded at the frequencies 
of nitrogen, signals from hydrogen and oxygen are not recorded. 
Area 2. One fragment of the image (Figure 1b) was examined. Intense hydrogen and basalt signals 
were recorded within its limits; no responses from water and ice were detected. The root of the basalt 
channel is determined at a depth of 723 km, the upper boundary is set at 1170 m. Signals from 
hydrogen were recorded from a depth of 1350 m. 
 

a) b) 

c) d) 

e) f) 
Figure 1 Satellite images of local sites in Azerbaijan. Rectangular contours indicate fragments of frequency 

resonance processing. 
 

Area 3. The signals at the frequencies of hydrogen and basalts within the first fragment of the survey 
(Figure 1c) are recorded immediately, without delay. The root of the basalt channel is set at a depth of 
723 km, the upper boundary is at 1280 m. Responses from hydrogen were recorded from a depth of 
1490 m. 
In the second fragment of image 3 (Figure 1c), hydrogen is not fixed. 
Area 4. Within the limits of the examined fragment of the image (Figure 1d), the signals of hydrogen 
and basalts are recorded immediately. The root of the basalt channel is fixed at 723 km, the upper 
edge - at 1400 m. The hydrogen signal was recorded from a depth of 1620 m. 
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Area 5. Within the first fragment of the image (Figure 1e), hydrogen and basalts with a root at a depth 
of 723 km were recorded; there were no responses in the second fragment. 
Area 6. Signals from hydrogen and basalts on the examined fragment (Figure 1f) were recorded. The 
root of the basalt channel is 723 km, the upper edge is 1400 m, and the responses from hydrogen are 
detected from 1530 m. 
Tatarstan. A local site of visible hydrogen degassing was found on the survey area (the southern 
rectangle in Figure 1). Reconnaissance studies in this region began with frequency-resonance 
processing of this fragment of the image. 
The southern fragment of the image. From the surface within this fragment of the image, the 
responses at the resonant frequencies of hydrogen (strong) and basalts (group 6 of igneous rocks) 
were recorded.  
By the fixations of responses from basalts at depths of 150, 250, 450 and 470 km have been 
established that the root of the deep channel, filled with basalts, is located at a depth of 470 km. 
Scanning the cross-section from 0 m, with a step of 1 m and using the procedure of the values 
specifying, the depth of the upper edge of the basalts is determined at 435 m. 
When a cross-section scanning from a depth of 432 m with a step of 10 cm, the responses at hydrogen 
frequencies were recorded from 435 m! 
And finally, within the limits of this fragment of the image, no responses were recorded at the 
resonant frequencies of oil, condensate, gas, amber, oxygen, and carbon. 
These results confirm, in general, the conclusions, made in (Yakymchuk et al., 2019b), about the 
increased accumulation of hydrogen in basalt rocks. 
 

 
Figure 2 Satellite image of the Republic of Tatarstan 

territory fragment. Rectangular contours indicate 
fragments of additional frequency resonance processing. 

Figure 3 A satellite image of the site in the area of 
well drilling for hydrogen in Latvia. The drilling 

location is indicated by a red marker. 
 

A large survey area. With frequency-resonance processing of entire image in Figure 2 the signals at 
the frequencies of oil (not strong), condensate (strong), gas (not strong), amber, as well as 1, 2, 3, 4, 5, 
6 and 12 (coal) groups of sedimentary rocks and 1, 2, 3, 4, 5 and 6 groups of magmatic were recorded. 
By the responses fixations at various depths, it was found that within the survey area there are deep 
channels with roots at a depth of 470 km, filled with basalts and sedimentary rocks of 1-6 groups. 
The presence of a previously established border at a depth of 57 km within the survey site has been 
confirmed (Yakymchuk and Korchagin, 2019a; Yakymchuk et al., 2019b; 2019c). Above this mark, 
the responses from oil, condensate and gas are recorded, and below - from hydrogen and carbon.  
By the cross-section scanning from 0 m with 1 m step, the responses at the resonant frequencies of oil 
were recorded in the following intervals: 1) 2430-3250 m; 2) 4820-6010 m; go to step 5 m; 3) 6700-
7500 m; 4) 9000-17100 m (traced to 20 km). 
Northern fragment. The responses at the resonant frequencies of oil, condensate (very weak), gas, 
amber, as well as the second group of sedimentary rocks were recorded from the surface; there were 
no signals from group 11.  
The fixation of responses from the 2nd group of sedimentary rocks on the surface of 250 km indicates 
the location of the survey fragment within the depth channel, filled with sedimentary rocks. The depth 
of the lower boundary of the channel within this area was not determined. 
By fixing the responses from the basalts at different depths (250, 150, 190, 215, 210, 200, 195 and 
196 km), bottom boundary of the basalts is set at a depth of 195 km. 
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From the lower part of the cross-section, responses from granites were not recorded at depths of 50, 
30, and 25 km. On the surface of 25 km, the responses from 2–5 groups of igneous rocks were also 
not recorded, and the signals were recorded from 6 group (basalts). 
The following response intervals from granites were established by the cross-section scanning from 0 
m with 5 m step: 1) 585-1870 m, 2) 17400-24300 m.  
Western fragment. Signals from 1, 2, 3, 4, 5 and 6 groups of igneous rocks, as well as 1 (weak), 2, 3, 
4, 5, 6 (weak), 11 and 12 sedimentary groups were recorded from the surface. 
On the surface of 25 km, the responses from all groups of sedimentary rocks were not recorded, which 
indicates the absence of sedimentary rocks channel within the limits of this site. 
From the surface of 25 km, only responses from 6 groups (basalts) of igneous rock were recorded. 
The lower boundary of the basalts is defined at a depth of 195 km. 
Within this fragment, responses on the frequencies of oil (weak), condensate (good) are fixed on the 
surface; the signals are not registered at frequencies of gas and amber. 
On the surfaces of 57 km, 27 km and 17 km, the responses from the lower part of the cross-section at 
the frequencies of hydrocarbons were not recorded; at a depth of 17 km, signals of oil, condensate and 
gas from the upper part of the section were recorded. 
Latvia. A satellite image of the site in Latvia, within which drilled hydrogen well is located, is shown 
in Figure 3. A visual analysis of this image showed that small zones are located within it, in which 
hydrogen degassing can occur. One such zone (green rectangle) together with the well location zone 
(blue rectangle) were accepted for examination. 
In the area with the well location, no signals were recorded at the frequencies of oil, condensate, gas, 
and hydrogen. 
In the second site, signals at frequencies of hydrogen and 6 (basalts) groups of igneous rocks were 
recorded; there were no responses from sedimentary rocks. By fixing responses from basalts at 
various depths, the presence of the root of a deep channel (volcano) filled with basalts was established 
at a depth of 470 km. By scanning the cross-section with a step of 10 cm, the upper edge of the basalts 
is determined at a depth of 26 m. 
Responses from hydrogen began to be recorded from a depth of 28 m when the cross-section scanning 
with step of 10 cm. 
We also note that within this fragment there were no responses from oil, condensate and gas. And on 
the surface (depth) of 470 km, responses from hydrogen were recorded from the upper part of the 
cross-section, and from carbon, nitrogen, and phosphorus were absent. Signals from hydrogen and 
oxygen were recorded at this depth from the bottom of the cross-section. 
  

Conclusions. The above materials, as well as the results of previous experimental studies at numerous 
sites (Yakymchuk and Korchagin, 2019a; Yakymchuk et al., 2019b; 2019c) indicate the feasibility of 
using frequency-resonance methods of satellite images and photographs processing and interpreting to 
detect and localize hydrogen accumulation sites, as well as determine the depth of its predicted 
deposits. In further studies in this direction, it is advisable to pay attention to the types of reservoirs in 
which hydrogen can accumulate, as well as tire rocks that will contribute to the conservation of 
deposits. We also note that the problem of using hydrogen as a possible fuel of the future has been 
discussed currently in numerous publications and reports. 
Within the surveyed sites, the presence of channels of vertical migration of fluids and mineral matter 
filled with basalts has been established in the cross-section. It can also be assumed that the areas of 
basaltic rock location can be considered priority, when the exploration for hydrogen conducting.  
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