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Abstract: Hydrogen gas seeping from Proterozoic basins worldwide is a potential non-carbon energy
resource, and the vents are consequently receiving research attention. A curious feature of H, venting
in the Sao Francisco Basin in Brazil is that the venting displays a very regular daily cycle. It has
been shown that atmospheric pressure tides could explain this cycle, but solid earth tides might be
an alternative explanation. We show here that it is unlikely that solid earth tides are a dominant
control because they have two equally strong peaks per day whereas the Hy venting has only one.
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1. Introduction

The quest to reduce dependence of fossil fuels has raised interest in hydrogen as a carbon-free
fuel that combusts only to water. Hydrogen seeps are known in a number of Proterozoic basins
worldwide [1-5]. Satellite detection of roughly circular depressions with depressed vegetation has
become an exploration method, since the H; seeps are often associated with these features [3,5]. One Hj
vent in the Sao Francisco Basin in Brazil has been the subject of detailed monitoring since 2018. It shows
a remarkably regular diurnal cycle of hydrogen venting wherein H; is vented for only about half the
day centered on 1:00 p.m. [3]. A recent paper shows that the atmospheric pressure tide at the site
could explain this venting [4]. The association with a ~550 m diameter circular depression aligned
linearly with others in the area presumably along a fault suggests the venting could be from a deeply
penetrating gas pipe. Earth tides are known to induce water flow in and out of wells [6-8]. The purpose
of this paper is to evaluate the possibility that earth tides cause the diurnal gas venting at the Sao
Francisco vent site studied by Cathles, Prinzhofer, and Donzé et al. [4,5]. Following Donzé et al. [5]
we will refer to this site as the H2G site.

2. Methods

To evaluate the possibility that the diurnal venting at the H2G site could be caused by solid earth
tides, we computed the solid earth strain at the location studied in Cathles and Prinzhofer [4] using the
theoretical tidal loading software SPOTL [9] and compared it to the variations in H, concentration
at 80 cm depth for sensor 6 in Figure 1b below. The theoretical earth tide strains determined with
this software have often been used in the analysis of high-resolution borehole water level time-series
measurements, since the tidal amplitude response and phase shift within a well or borehole are
controlled by the formation permeability and specific storage [7,8].

Geosciences 2020, 10, 414; doi:10.3390/geosciences10100414 www.mdpi.com/journal/geosciences


http://www.mdpi.com/journal/geosciences
http://www.mdpi.com
https://orcid.org/0000-0002-2054-7834
http://www.mdpi.com/2076-3263/10/10/414?type=check_update&version=1
http://dx.doi.org/10.3390/geosciences10100414
http://www.mdpi.com/journal/geosciences

Geosciences 2020, 10, 414 20f3

180 : 963
a. Atmospheric p(t) (blue) vs [H,](t) Sensor 6 (red)
160 962
Q
B 10 %61 2
© 120 —
5 960 =
2 100 &
2 959 -2
'g 80 g
S 958 o
2 60 o
£ 40 957 g
20 956
0 ml ssssses Q55
13/8/18 0:00 14/8/18 0:00 15/8/18 0:00 16/8/18 0:00
180 | . : 4x10%
b. solid earth strain (blue) vs [H,](t) sensor 6 (red) ™
160 3x10°%

g 140 ' ‘ 105
- ©
g 120 : ’ 1x105 %
2 100 < =
9 - : o L
= 80 ] : : ©
g_ axios Y
2 60 2
T 20 J 2100 2
20 -3x10°

0 ml secesesesss date sesesss000000 seesess -Ax107°
13/8/18 0:00 14/8/18 0:00 15/8/18 0:00 16/8/18 0:00

Figure 1. (a) Comparison of changes in atmospheric pressure to observe changes in H, concentration
at 80 cm depth at the location studied by Cathles and Prinzhofer [4] from the 13th to the 16th of August
2018. (b) Comparison of changes in solid earth tidal strain at the same site over the same period.

3. Results

As can be seen from Figure la and as noted by Cathles and Prinzhofer [4], the changes in H;
concentration are closely aligned with the maximum rate of decrease in daily atmospheric pressure
(the atmospheric tide). Unlike the atmospheric tide, which has one dominant cycle per day, the solid
earth tidal strain has two cycles per day (Figure 1b). Although one of the cycles could assist the Hp
venting, no changes in Hy concentration are associated with the second which is equally strong.

4. Discussion and Conclusions

Because the solid earth tide has two equally strong peaks each day at the H2G site whereas the Hj
venting peaks only one, it appears unlikely that solid earth tides play a dominant role in producing the
observed daily changes in H, venting in the Sao Francisco Basin of Brazil. It is possible that the solid
earth tide contributes to the venting, but the atmospheric pressure tide must be (and could be) the
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dominant control. Biologic control on venting is, to our knowledge, the only other potential control.
It awaits evaluation.

Author Contributions: Conceptualization, ]J.S., PF,, L.C., methodology, J.S., A.P.,; writing-original draft, L.C.;
writing-review and editing, all. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Larin, N.; Zgonnik, V,; Rodina, S.; Deville, E.; Prinzhofer, A.; Larin, V.N. Natural molecular hydrogen
seepages associated with surficial, rounded depression on the European craton in Russia. Nat. Resour. Res.
2015, 24, 369-383. [CrossRef]

2. Zgonnik, V,; Beaumont, V.; Deville, E.; Larin, N.; Pillot, D.; Farrell, K. Evidences for natural hydrogen
seepages associated with rounded subsident structures: The Carolina bays (Northern Carolina, USA). Prog.
Earth Planet. Sci. 2015, 2, 31. [CrossRef]

3. Prinzhofer, A.; Moretti, I.; Francolin, J.; Pacheco, C.; D’ Agostino, A.; Werly, J.; Rupin, E. Natural hydrogen
continuous emission from sedimentary basins: The example of a Brazilian H2-emitting structure. Int. J.
Hydrog. Energy 2019, 44, 5676-5685. [CrossRef]

4. Cathles, L.; Prinzhofer, A. What Pulsating H2 Emissions Suggest about the H2 Resource in the Sao Francisco
Basin of Brazil. Geosciences 2020, 10, 149. [CrossRef]

5. Donzé, F.V,; Truche, L.; Namin, P.S.; Lefeuvre, N.; Bazarkina, E.F. Migration of Natural Hydrogen from
Deep-Seated Sources in the Sao Francisco Basin, Brazil. Geosciences 2020, 10, 346. [CrossRef]

6. Hsieh, P.A.; Bredehoeft, ].D.; Farr, .M. Determination of aquifer transmissivity from Earth tide analysis.
Water Resour. Res. 1987, 23, 1824-1832. [CrossRef]

7. Xue, L.; Li, H.-B.; Brodsky, E.E.; Xu, Z.-Q.; Kano, Y.; Wang, H.; Mori, ].J.; Si, J.-L.; Pei, ].-L.; Zhang, W.; et al.
Continuous Permeability Measurements Record Healing Inside the Wenchuan Earthquake Fault Zone.
Science 2013, 340, 1555-1559. [CrossRef] [PubMed]

8.  Xue, L.; Brodsky, E.E.; Erskine, J.; Fulton, PM.; Carter, R. A permeability and compliance contrast measured
hydrogeologically on the San Andreas Fault. Geochem. Geophys. Geosyst. 2016, 17, 858-871. [CrossRef]

9. Agnew, D.C. Some Programs for Ocean-Tide Loading, SIO Technical Report, Scripps Institution of
Oceanography. Available online: https://igppweb.ucsd.edu/~{}agnew/Spotl/spotlmain.html (accessed on
10 May 2020).

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1007/s11053-014-9257-5
http://dx.doi.org/10.1186/s40645-015-0062-5
http://dx.doi.org/10.1016/j.ijhydene.2019.01.119
http://dx.doi.org/10.3390/geosciences10040149
http://dx.doi.org/10.3390/geosciences10090346
http://dx.doi.org/10.1029/WR023i010p01824
http://dx.doi.org/10.1126/science.1237237
http://www.ncbi.nlm.nih.gov/pubmed/23812711
http://dx.doi.org/10.1002/2015GC006167
https://igppweb.ucsd.edu/~{}agnew/Spotl/spotlmain.html
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Results 
	Discussion and Conclusions 
	References

