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Abstract

Within the framework of precursor events related to earthquakes, this paper analyzes the possi-
ble effect on the aquatic environment of the surrounding energy that accompanies earthquakes,
particularly in the area where oceanic and continental plates collide (Cocos Plate and North
American Plate, south of Mexico). As a preamble, the types of precursor events, characteristics,
and their possible origin are described. A project was designed under the assumption that in areas
with high frequency and intensity seismicity there is an electrical and electromagnetic potential
promoter which is detectable and assessable indirectly by measuring water conductivity behavior,
which also may have atypical variations of data; the outcome of intensive conductivity monitoring
in different settings, natural as well as manmade (wellsprings, artesian well and a cistern), are
presented herein. The results of the conductivity monitoring for seven months, highlight two pat-
terns in data behavior: one pattern shows the subtle dependence of data behavior on the geo-
graphic location of data monitoring instruments, revealing that could have a slight relationship
between areas with increased seismic frequency and intensity and the presence of atypical con-
ductivity variations. Another pattern reveals the possible relationship between atypical variations
in conductivity and subsequent earthquake events; a total of 241 seismic events were analyzed
and 59 of them are provided as evidence related with patterns mentioned.
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1. Introduction

Frequently, phenomena linked to earthquake are associated with the interaction of the electric and electromag-
netic energy emanating from the Earth’s interior with surrounding natural environment. The power of energy io-
nization upon reaching the surface through faults or unstable areas is manifested by low frequency electromag-
netic waves [1]-[5]; alterations of the local ionosphere [6]-[14]; luminous phenomena in the local atmosphere
[15]-[17]; and the formation of aerosols and clouds [1] [2] [4] [5] [18]-[20]. Energy flow and electromagnetic
fields also strengthen and promote the attraction of surrounding radiation issuing from each fracture of rock,
thus intensifying the presence of ionizing energy, similar to the phenomenon that occurs near power transmis-
sion lines [21] [22].

Usually, these types of phenomena are associated with various origins: one is apparently related to the internal
dynamics of the Earth’s deep layers which cause electric and electromagnetic energy pulses that interact with
the external layers by lithosphere fractures [1] [2] [18]. Another possible origin is mechanical and relates to the
endogenous forces generated in the fault zones, particularly due to the movement of the Earth’s crust [2] [23];
these phenomena have also been associated with the natural decay of unstable radioactive isotopes such as ura-
nium, radium, radon, polonium, lead, and bismuth [7]-[9] [11] [12] [24]-[26]. A further cause, also mechanical
in nature, is linked with endogenous forces that develop in the tectonic faults and their effect at the molecular
level, specifically on the minerals that make up the rock, which results in the formation of an electric and elec-
tromagnetic potential flowing within a radius of several kilometers [27]-[32]. This energy has the ability to inte-
ract with surrounding water bodies, affecting the behavior of terrestrial and aquatic life prior to and subsequent
to an earthquake [31]-[33]. A recently published example is the behavioral changes found in some amphibians
due to disturbances among K*, Na*, CI, and Ca?*, ions present both inside and outside the cell membrane [31]
[32]; the presence of an external electric field triggers an ionic oscillation or vibration which exerts a strong in-
ternal pressure in terms of electric charge [34].

Based on the above considerations, research relying on two hypotheses was designed. The first one states that
such electric and electromagnetic potential is indirectly detectable and calculated with conductivity measuring
instruments, particularly in areas where oceanic and continental plates collide and where seismic activity is fre-
quent and intense. The second one is that the natural energy emanating from the surrounding environment (elec-
tromagnetic field and electric potential) could interfere with the normal functioning of the instruments being
used, causing unusual variations in conductivity measurements, possibly by interrupting ionic conduction. Ac-
cording with this, a series of measurements to monitor conductivity in aquatic environments were performed in
two different settings: a natural setting consisting of wellsprings, and a semi controlled setting using a cistern
(tank) and an artesian well.

2. Study Area Description

After Japan, Indonesia, Chile, Papua New Guinea and Turkey, Mexico is one of the countries with the most
seismic activity in the world, and data about its territory and its history on the subject dates from 1460 to the
present day [35], Figure 1. Based on this frame of reference, monitoring sites were selected within the states of
Guerrero, Oaxaca, and Morelos close to areas with a significant seismic history. These sites were located in the
C and D seismic regions of the Mexican national territory (Figure 1), associated with the subduction process of
the Cocos Plate, which moves beneath the North American Plate at a rate of six centimeters per year, and shifts
300 kilometers almost horizontally to enter the mantle with a 55° inclination angle [36].

For the development of this research, painstaking monitoring of the conductivity was carried out in an aquatic
environment by a brief series of time, monitoring 90 days using two different settings: a natural setting, consist-
ing of wellsprings and, a semi artificial setting using a cistern and an artesian well. The chosen wellsprings are
located at coordinates 17°33.606'N, 99°24.583'W and 18°28.697'N, 99°9.209'W, Figure 2 and Table 1. The first
site is located in the town of Tixtla in the state of Guerrero, Mexico, and it belongs to a recreational center called
“Teoixtla” in an area having a geology of sedimentary volcanic rock and gypsum from the Neogene period [37].
The second site is located in the town of Tlaquiltenango in the state of Morelos, Mexico. It is also a recreational
center, called “Los Manantiales”, having a geology of Paleogene rhyolites [38]. The semi artificial site corres-
ponds to an artesian well of 1 x 1 x 6 meter located at the geographic coordinates 16°14.180'N, 98°11.406'W
(Figure 2) in the community of “Corralero”, a municipality of Pinotepa Nacional in the state of Oaxaca, Mexico,
site located in a region with the largest number of earthquakes per square kilometer. The geomorphology and
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Figure 1. Study area location as regards the seismic regions of Mexico. The area has the highest number of earthquakes per
km?, corroborated by processing 12757 seismic events (red points) in a geographic information system, occurred in the states
of Guerrero and Oaxaca, Mexico, from 2006 to 2014 with a range of magnitude between 3.5 to 7.4 Mw. Additional Mapping
information was obtained of National Commission for Knowledge and Use of Biodiversity (CONABIO:

http://www.conabio.gob.mx).

Table 1. Monitoring periods of selected sites.

Site Start date Date ending Monitoring period (days)
Teoixtla 22/09/2014 28/09/2014 6
Teoixtla 29/09/2014 05/10/2014 6
Teoixtla 06/10/2014 12/10/2014 6

Los Manantiales 13/10/2014 19/10/2014 6
Cistern 04/11/2014 10/11/2014 6
Cistern 15/11/2014 21/11/2014 6
Cistern 06/12/2014 12/12/2014 6
Cistern 13/12/2014 19/12/2014 6

Corralero 19/01/2015 26/01/2015 14
Corralero 26/01/2015 02/02/2015 14
Corralero 03/02/2015 10/02/2015 14

geology of this area correspond to a coastal plain with Quaternary alluvial material. Another semi artificial set-
ting corresponds to a cistern located at coordinates 18°53.377'N, 99°12.293'W, with no specific geology. This
site corresponds to a 2 x 2 x 1.8 meter reservoir; its liquid content was in contact with the field’s surrounding
environment through a grounded electrode, using an iron bar buried 60 centimeters deep.
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Figure 2. Study area location of the monitoring sites. Seismic events used corresponded to 241: 25 events for “Teoixtla”, 9
events for “Los Manantiales,” 101 events for “Cistern”, and 106 events for “Corralero”.

3. Materials and Methods

Intense monitoring in the sites above mentioned ware conducted using by submersion, a HOBO U24-001 Data
Logger to determine conductivity (uS/cm), complementarily a HI 9828 multiparameter meter was used, to de-
termine water quality (Figure 3). Each site was continuously monitored at a sampling frequency of 45 seconds
on average, representing a total collection of 18,550 data per monitoring period obtained at least during two
weeks per each campaign. Readings of basic water quality parameters of °C, pH, Dissolved Oxygen (ppm), and
salinity were determined every second with the HI 9828 device for a period of 30 minutes, from which the av-
erage value was calculated; monitoring periods for each of the settings are included in Table 1.

Information of all >Mw3.0 earthquakes occurred within each monitoring period was gathered, particularly
within the territorial limits of the states of Guerrero and Oaxaca, Mexico. Data was obtained from the National
Seismological Service (SSN: http://www?2.ssn.unam.mx:8080/index.html) of Mexico. Concerning the well-
springs, only information of seismic events located within a radius not greater than 220 kilometers was gathered.
Seismic events obtained for the cistern were located at a distance not greater than 320 kilometers. In both cases,
the magnitudes of the earthquakes were normally not higher than 4.5 degrees; however, any earthquake with a
magnitude of 5 or greater was addressed regardless of its distance from the location where the conductivity Data
Logger had been installed. Regarding the seismic data obtained for the artesian well, the distance was not greater
than 50 kilometers, taking in a count that this site is located in a place with the highest seismicity of the region.
The general criteria employed to vary the distances was the instrument’s geographic position in relation to seis-
mic events occurring in the surrounding area as well as the speed and distance of seismic wave propagation in
the ground and the area of influence.

Tabulated data of seismic events obtained from SSN were imported to a geographic information system (GIS)
for spatial distribution. The position in geographic coordinates of the Data Logger were taken as reference to
filter seismic data according to the place of monitoring (Table 2), and the distance of each seismic event was
determined in relation to the Data Logger position. The resulting table was edited, removing events located in
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Figure 3. Equipment used: (a) HOBO Conductivity

Logger U24-001 and (b) HI 9828.

Table 2. Quantification of seismic events used during the study at each site.

Filtered seismic events

Site Starting
Teoixtla Sept/22/2014
Teoixtla Sept/29/2014
Teoixtla Oct/06/2014

Los Manantiales Oct/13/2014
Cistern Nov/04/2014
Cistern Nov/15/2014
Cistern Dec/06/2014
Cistern Dec/13/2014

Corralero Jan/19/2015
Corralero Jan/26/2015
Corralero Feb/03/2014
Corralero Feb/10/2014
Corralero Feb/16/2014
Corralero

Ending
Sept/27/2014
Oct/04/2014
Oct/11/2014
Oct/18/2014
Nov/11/2014
Nov/22/2014
Dec/12/2014
Dec/20/2014
Jan/25/2015
Feb/01/2014
Feb/09/2014
Feb/15/2014
Feb/22/2014
Mar/01/2014

Total

Events
8
6

11
9
18
24
12
47
14
36
12
14
14
16

241

the marine environment as well as those located beyond the distances set in the aforementioned criterion. Infor-
mation was plotted for each of the locations listed in Table 2, using the 18,550 conductivity data obtained with
the HOBO conductivity U24-001. Every seismic event shown in the list resulting from the filtering process was
positioned in each chart according to the day and time it occurred; this process was replicated for each of the

monitored locations.

4. Results

For the wellsprings, cistern and the artesian well, variations in the frequency of the monitoring sampling did not
represent any significant changes at the time of processing and plotting the results. Another aspect that distin-
guished the chosen sites, besides their geological conditions, was their geographical position (Figure 2), both

()
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that of the instruments as that of the seismic events that occurred in the surrounding area. The monitoring sam-
pling was during a 90 day period, from September 22, 2014 to March 1, 2015: 18 days corresponded to the
“Teoixtla” site, 6 to the “Los Manantiales” site, 24 to the “Cistern” site, and 42 to the “Corralero” site, although
they were short periods of time it was detailed monitoring. The assessment period for the “Los Manantiales” site
was the shortest with one week; more monitoring time was considered unnecessary due to the presence of ex-
cessive “interference or noise” detected at the time of plotting data (Figure 4). Noisiness may have been due to
two possible causes: a) the Data Logger operation was interfered with by a strong drift or movement, the device
being located in a place with an intense current flow; or b) the possible presence of an underground river located
relatively close to the wellspring being monitored, the undercurrent being located at approximately 1500 meters,
its influence could be due to the continuous aquifer recharge and the presence of ions and possibly radioactive
gases like radon [5] [39]-[41]. The most intensive sampling took place in the location called “Corralero” as this
site is characterized by intense seismic activity. Historically, the surrounding area is where the greatest number
of earthquakes per square kilometer occurs, Figure 1. During monitoring, seismic events occurred as close as
one kilometer away from monitoring instruments.

The location of each seismic event in the Data Logger chart showed an interesting series of patterns. The first
pattern observed was the dependence of the atypical readings of conductivity on the geographic location of the
monitoring instruments, revealing that there is a possible relationship between areas with greater seismic fre-
quency and intensity and the occurrence of higher atypical conductivity drops behaving such as pulses. As the
distance between the Data Logger and the area with the greatest seismic frequency and intensity was reduced,
data showed more atypical and more defined conductivity changes. Therefore, the spatial variation of conductiv-
ity (uS/cm) at the “Los Manantiales” site has a very confusing pattern (Figure 4), it was very regular at the
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Figure 4. Conductivity pattern behavior in the “Los Manantiales” site. Its monitoring was suspended for reasons mentioned
above. The average values of the quality of water obtained with HI 9828 were: Temperature ("C) 29.18 pH 6.57; 0.97 ppm

Dissolved Oxygen and 0.91 salinity.
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“Cistern” site (Figures 5-8 and Table 3), and it had a very erratic character at the “Teoixtla” site (Figures 9-11).
The “Corralero” site showed the greatest variation, having a more defined pattern as well as an average of seven
conductivity incidents per week, Figures 12-17.

Another pattern reveals the probable relationship between changes or atypical conductivity drops and the
subsequent occurrence of earthquakes. According to these two patterns, one of the most notably changes ob-
served occurred first at the “Teoixtla” site (Figures 9-11 and Table 4).

Based on the two patterns observed, the “Corralero” site differed from the other sites used for monitoring
conductivity; one similar patterns had already been observed at the “Teoixtla” site described in previous para-
graphs. Variations in conductivity measurements were more perceptible at the “Corralero” site as the Data Log-
ger was closer to the area with the greatest number of earthquakes per square kilometer. During the week of
January 19 to 25, six major variations occurred, two of them very close to each other (21/01/15); five of them
preceded five seismic events. During the week of January 26 to February 1, six variations occurred; five of them
were preceded by six seismic events. Details of atypical conductivity drops in these periods are shown in Figure
12, Figure 13 and Table 5.

During the weeks from February 3 to 9 seven of atypical conductivity behaviors occurred, respectively, as
shown in the Figure 14 and three variations occurred in a single day (07/02/15). In the first week, Figure 14,
three of the variations were preceded by seismic events; from February 10 to 15, four atypical variations oc-
curred, two of which were preceded immediately by seismic events, Figure 15 and Table 6.

For the period of the week from February 16 to 22, nine atypical readings occurred with three major preced-
ing seismic events, Figure 16. During the week from February 23 to March 1st, nine atypical readings occurred,
four of which were preceded by four nearby earthquakes, Figure 17 and Table 7. At the “Corralero” site, aver-
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Figure 5. Conductivity pattern behavior in the “Cistern” site, period November 04 to 11. Total seismic events recorded dur-
ing monitoring: 18. The average values of the quality of water obtained with the HI 9828 were: T (°C) 24.35 pH 9.31, 5.51
ppm OD and 0.16 salinity.

()



F. Martinez-Garcia et al.

CISTERN SITE
Week: 15 to 22 November

270

268

266 N

B Earthquakes ocurred during monitoring
264

‘ A Earthquakes occurred before atypical reading variations

\

E1(g15)
256 ¥

254

“v’%\f‘ﬁm‘ €3 (d16)

£9(d17)
£8(d17)
€7 (d17)

£15(d20)

€14 (020) €17 (6202 (gzm £l o)
18 (d19

E13 (d20) £16 (d20) (d19) E23(d21)

)

E

E5(d17)g10 (d17)
d16)

E11(d17)

252

g

E12(d19)
22 (d 1)?
4 f
anmu :

5/11/14

16/11/14

17/11/14

18/11/14

20:29:00
23:18:00
02:07:00
04:56:00
07:45:00

00:39:00
03:28:00
06:17:00
09:06:00
11:55:00
14:44:00

23:11:00
02:00:00
04:49:00

07:38:00

10:27:00
07:31:00
10:20:00
13:09:00
15:58:00
18:47:00
21:36:00

Figure 6. Conductivity pattern behavior in the “Cistern” site, period November 15 to 22. Total seismic events recorded dur-
ing monitoring: 24. The average values of the quality of water obtained with the HI 9828 were: T (°C) 24.35 pH 9.31, 5.51
ppm OD and 0.16 salinity.

Table 3. General characteristics of most notably seismic events in the “Cistern” site.

Event Date Time Lat Long Depth Magn. Zone Figure
1 11/08/14 03:14:23 16.23 -97.61 9 4.0 Southwest of Tataltepec, Oaxaca State 5
3 11/08/14  05:40:10 1796  -101.76 52 4.0 East of Lazaro Cérdenas, Guerrero State 5
4 11/09/14  00:51:06 16.68 —-98.09 18 3.6 East of Ometepec, Oaxaca State 5
8 11/10/14 10:16:25 18.43  -101.19 58 3.8 Northeast of Zihuatanejo, Guerrero State 5
9 11/10/14 13:17:39 16.00 —97.18 23 3.7 Northwest of Puerto Escondido, Oaxaca State 5
14 11/12/14 09:36:18 16.30 —97.88 23 3.6 East of Pinotepa Nacional, Oaxaca State 5
15 11/12/14  10:11:40 17.19 —99.32 51 3.6 Northeast of Tierra Colorada, Oaxaca State 5
18 11/13/14  13:04:18 17.86 —99.69 57 3.9 Southeast of Chilpancingo, Guerrero State 5
2 15/11/14  22:23:02 17.89 —96.66 71 3.7 Southwest of Tuxtepec, Oaxaca State 6
3 16/11/14 12:56:40 17.30  —100.85 49 35 Northwest of Tecpan, Guerrero State 6
4 17/11/14 10:28:21 16.47 —98.05 25 3.7 North of Pinotepa Nacional, Oaxaca State 6
5 17/11/14 11:01:54 16.31 -98.24 20 3.6 West of Pinotepa Nacional, Oaxaca State 6
7 17/11/14 12:44:15 16.25 -98.11 30 35 Southwest of Pinotepa Nacional, Oaxaca State 6
8 17/11/14 12:48:57 17.16  —-100.44 40 3.7 South of Atoyac de Alvarez, Guerrero State 6
22 21/11/14  16:15:56 16.46 —98.49 14 3.7 Southwest of Ometepec, Guerrero State 6
23 21/11/14 18:08:25 18.28  —100.84 58 4.2 Southwest of Cd Altamirano, Guerrero State 6
9 12/09/14  23:27:03 16.70 —99.33 29 3.6 Southeast of San Marcos, Guerrero State 7
11 12/11/14 16:32:36 16.97 —99.79 38 3.6 Northeast of Acapulco, Guerrero State 7
2 12/14/14  20:47:15 18.06  —-100.57 50 3.7 Southeast of Cd Altamirano, Guerrero State 8
3 12/15/14  08:51:06 16.42 —-98.37 24 35 South of Ometepec, Guerrero State 8
4 12/15/14 18:38:19 17.76 -96.81 80 4.0 East of Tepelmeme, Oaxaca State 8
6 12/16/14  06:56:34 16.29 —98.02 28 3.6 Southeast of Pinotepa Nacional, Oaxaca State 8
12 12/16/14 17:15:39 16.25 -97.99 20 4.0 Southeast of Pinotepa Nacional, Oaxaca State 8
25 12/17/14 09:10:05 16.67 —98.89 30 3.6 West of Ometepec, Guerrero State 8
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Figure 7. Conductivity pattern behavior in the “Cistern” site, period December 06 to 12. Total seismic
events recorded during monitoring: 12. The average values of the quality of water obtained with the HI 9828

were: T (°C) 24.35 pH 9.31, 5.51 ppm OD and 0.16 salinity.

£13 (d16) ¢125 0

E12 (d16)

5 (d16)
E20019) | g3 (1) O

CISTERN SITE
Week: 13 to 20 December
275
270 E45(d18)
£25(d17) £33 (Si‘;)"”’ €43 (d18) E47(d19)

E1(d14)
265 “ E6 (d16)
f £8 (d16)
Al
3
=
260
B Earthquakes ocurred during monitoring
A Earthquakes occurred before atypical reading variations
255
250 13/12/14 14/12/14 15/12/14 16/12/14 17/12/14 18/12/14 19/12/14 20/12/14
0000000000000 0000000000000000000000000000Q0002200000CQ0
QANAOATNOAANNTNSAANNTITNSAANNTNOETANNTNOANNTNOQANNTITNOSAANTNRRANNING
YN OT RO MGB A M EAN NN N B AT AT R OMOBOMOANN NN DH AT R AT RS NR OO &
STonuoddodddNdamandsinnnododdoNdNdnnaSYThongogdddaaaamn
AN GO TR OMOA AT ROMON NN YT R CTROMANGE AT RN OMANNCHIROOMBANNG S MG G
GNZI83ISCTL2NSIS2C82R3ISICRTSLEIINRIVSLESIGRE83 83021183883

Figure 8. Conductivity pattern behavior in the “Cistern” site, period December 13 to 20. Total seismic
events recorded during monitoring: 14. The average values of the quality of water obtained with the HI 9828

were: T (°C) 24.35 pH 9.31, 5.51 ppm OD and 0.16 salinity.
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Figure 9. Conductivity pattern behavior in the “Cistern” site, period December 22 to 27. Total seismic

events recorded during monitoring: 8. The average values of the quality of water obtained with the HI 9828
were: T (°C) 24.35 pH 9.31, 5.51 ppm OD and 0.16 salinity.
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Figure 10. Conductivity behavior pattern of the “Teoixtla” site, period September 29 to October 04. Total
seismic events recorded during monitoring: six. The average values of the quality of water obtained with the
HI 9828 were T (°C) 22.51 pH 7.18; 1.49 ppm OD and 0.28 salinity.
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Figure 11. Conductivity behavior pattern of the “Teoixtla” site, period October 06 to 11. Total seismic events
recorded during monitoring: 11. During this period a visible atypical variation of conductivity occurred on Octo-
ber 8. The average values of the quality of water obtained with the HI 9828 were T (°C) 22.51 pH 7.18; 1.49 ppm

OD and 0.28 salinity.
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Figure 12. Conductivity pattern behavior of the “Corralero” site, period January 19 to 25: Total seismic events
recorded during monitoring: 14. Five atypical variations preceded by seismic events occurred, first drop (E2 at
11:05:36 with Mw3.6); second and third drop (E4, E5 and E6 at 10:12:55, 15:03:45 and 17:44:27 with Mw 4.1,
3.8 and 3.6, respectively); fifth drop (E11 at 16:27:27 with Mw3.5); and sixth drop (E12 at 9:29:05 with Mw3.9.
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Figure 13. Conductivity pattern behavior of the “Corralero” site, period January 26 to February 01. Total seismic
events recorded during monitoring: 36, almost all atypical readings were preceded of seismic events: first drop
(E15 at 19:04:05 with Mw3.5; the second drop was preceded by earthquakes E21 with Mw3.7 at 17:40:35); third
drop (E31 and E32 with Mw3.9 and Mw3.7, one at 23:51:23 on January 28 and another at 15:46:33 on January 29,
respectively); fourth drop (E40 and E41 with Mw3.9 and Mw3.7, one at 23:51:23 on January 28 and another at
15:46:33 on January 29, respectively); fifth drop (E46 and E47, both with Mw3.5, at 11:33:44 and 12:35:22, re-

spectively).
CORRALERO SITE (Artesian well)
Week: 03 to 09 February
900
B o ‘ .
800 fif—— (d4)—€4(d5 8 (d6) w1 — L ¢ e
R mm ) Am o g - [V S 3 —
E2 (d4) —

700

600
g 5°
o
S~
4

400

e | Earthquakes ocurred during monitoring

A Earthquakes occurred before atypical reading variations
200
100
\ ‘

0 03/02/15 04/02/15 05/02/15 06/02/15 07/02/15 08/02/15 DQ/DZ/lé
8888888888888888888888388888882888885888888888888888888
82BN SR PANER2h 823 NIN R8RS RRICRTRI8LINITENRSRABCREIIISRRRS
EE S M B O RSN IR OMNOE TS NS I RONSITROCA N O IO NS TRGNTI NG AN
S¥N8888dIRRNS3C 20088888030 RNS3I5SHLRRN888803833383590248R

Figure 14. Conductivity pattern behavior of the “Corralero” site, period February 03 to 09. Total seismic events
recorded during monitoring: 12. Three atypical readings preceded by seismic events occurred: first drop (E3 at
20:38:37 with Mwa3.4); second drop (E6 at 1:50:12 with Mwa3.5); fifth drop (E10 with Mw3.6 at 12:18:35).
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Figure 15. Conductivity pattern behavior of the “Corralero” site, period February 10 to 15. Total seismic
events recorded during monitoring: 12. Three major drops preceded by seismic events occurred: first drop
(E15 with Mw4.1 at 14:39:26); second drop (E20 with Mw3.5 at 11:10:20) and smaller third drop (E26 with

Mwa3.5 at 20:48:58).
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Figure 16. Conductivity pattern behavior of the “Corralero” site, period February 16 to 22. Total seismic
events recorded during monitoring: 14. Four atypical readings preceded by seismic events occurred: second
drop (E1 at 16:19:09 with Mw3.5); third drop (E6 at 18:42:07 with Mw3.7); fourth (E11 at 13:02:59 with
Mwa3.5). And ninth drop (E14 at 21:01:28 with Mw3.5).
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Figure 17. Conductivity pattern behavior of the “Corralero” site, period February 23 to March first. Total
seismic events recorded during monitoring: 16. Four atypical readings preceded by seismic events occurred:
first drop (E20 with Mw3.8 and E21 with Mw3.6 at 15:52:52 and 17:03:32, respectively); third drop (E23
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with Mw3.6.); fifth drop (E25 with Mw3.6 at 12:46:53) and eighth drop (E29 with Mw3.7 at 19:42:42).

Table 4. General characteristics of most notably seismic events in the site “Teoixtla”.

Event Date Time Lat Long Depth ~ Magn. Zone Figure
1 23/09/2014 10:24:33  18.04  -100.50 57 35 Southwest of Arcelia, Guerrero State 9
5  26/09/2014 01:58:11 16.35 —97.76 45 35 East of Pinotepa Nacional, Oaxaca State 9
7 27/09/2014 00:52:07 17.06 —99.95 40 3.6 Northeast of Coyuca de Benitez, Guerrero State 9
8  26/09/2014 11:36:18  15.99 —97.59 20 4.0 West of Rio Grande, Oaxaca State 9
2 01/10/2014 06:32:26 1759  —-101.27 28 35 North of Petatlan, Guerrero State 10
6 08/10/2014 07:41:33  16.91 —08.82 13 3.7 East of Ayutla, Guerrero State 11
7 08/10/2014 18:55:19  16.30 -97.71 38 35 East of Pinotepa Nacional, Oaxaca State 11
8 09/10/2014 00:58:11  17.23  -100.27 25 35 Northeast of Atoyac, Guerrero State 11

age values of water quality obtained with the HI 9828 instrument were: 27.76 Temperature °C, 7.13 pH; 1.17
Dissolved Oxygen ppm, and 0.33 salinity.

5. Discussion

A total of 241 seismic events were analyzed and 59 of them were associated with atypical conductivity readings:
57 were superficial seismic events, and two were intermediate events; these latter with epicenters located 80 ki-
lometers and 66 kilometers deep, respectively, but some quite distant from the Data Logger, 279 kilometers and
154 kilometers away, correspondingly. As expected, out of the 59 seismic events, 36 occurred in the Corralero
site within the surroundings of the most seismically active area in the country, near the towns of Ometepec, state
of Guerrero, and Pinotepa Nacional, state of Oaxaca, Mexico, likewise the notable conductivity variations oc-
curred in this place (Figures 12-17).
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Table 5. General characteristics of most notably seismic events in the site “Corralero”, period 01/19 to 02/01, 2015.

Event Date Time Lat Long Depth Magn. Zone Figure
1 01/19/2015 19:22:34  16.28 —98.27 26 35 West of Pinotepa Nacional, Oaxaca State 12
2 01/19/2015 11:05:36 16.58  —98.61 7 3.6 Southwest of Ometepec, Gro. 12
4 01/21/2015 10:12:55  16.33 —98.06 13 4.1 Southwest of Pinotepa Nacional, Oaxaca State 12
11 01/24/2015 16:27:27 1598 —97.69 20 35 West of Rio Grande, Oaxaca State 12
12 01/25/2015 09:29:05 16.30 —97.89 10 39 East of Pinotepa Nacional, Oaxaca State 12
21 01/27/2015 17:40:35 16.25 —-98.12 20 3.7 Southwest of Pinotepa Nacional, Oaxaca State 13
22 01/27/2015 17:44:47  17.22 —98.11 57 35 West of H Tlaxiaco, Oaxaca State 13
31 01/28/2015 23:51:23 16.32 —97.88 10 39 East of Pinotepa Nacional, Oaxaca State 13
32 01/29/2015 02:10:22  16.43 —98.59 29 3.7 Southwest of Ometepec, Guerrero State 13

41  01/30/2015 15:46:33  16.24 -97.92 34 3.6 Southeast of Pinotepa Nacional, Oaxaca State 13
42 01/30/2015 20:30:49  16.60 -98.43 37 3.7 South of Ometepec, Guerrero State 13
46 01/31/2015 11:33:44  16.22 —97.86 10 35 Southeast of Pinotepa Nacional, Oaxaca State 13
47 01/31/2015 12:35:22  16.07 —96.97 39 35 Northeast of Puerto Escondido, Oaxaca State 13

Table 6. General characteristics of most notably seismic events in the site “Corralero”, period 01/02 to 13/02, 2015.

Event Date Time Lat Long Depth Magn. Zone Figure
3 04/02/2015 20:38:37 16.34  —98.23 22 34 West of Pinotepa Nacional, Oaxaca State 14
6 06/02/2015 01:50:12 16.48  —98.46 27 35 Southwest of Ometepec, Guerrero State 14
10 08/02/2015 12:18:35 16.50 —98.25 27 3.6 Southeast of Ometepec, Guerrero State 14
15 11/02/2015 14:39:36 1594  -98.00 20 4.1 South of Pinotepa Nacional, Oaxaca State 15
20 12/02/2015 11:10:20 16.23 98.03 5 35 South of Pinotepa Nacional, Oaxaca State 15
26 13/02/2015 20:48:58 16.46  —98.68 16 35 Southwest of Ometepec, Guerrero State 15

Table 7. General characteristics of most notably seismic events in the site “Corralero”, period 02/17 to 02/28, 2015.

Event Date Time Lat Long Depth Magn. Zone Figure
1 02/17/2015 16:19:09 16.53  —98.46 10 35 Southwest of Ometepec, Guerrero State 16
6 02/18/2015  18:42:07 16.33  —98.23 14 3.7 West of Pinotepa Nacional, Oaxaca State 16
11 02/19/2015 13:02:59 16.23  —98.04 5 35 South of Pinotepa Nacional, Oaxaca State 16
14 02/22/2015  21:01:28 16.27  —98.25 13 35 Southwest of Pinotepa Nacional, Oaxaca State 16
20 02/24/2015 15:52:52 16.21  —98.08 11 3.8 South of Pinotepa Nacional, Oaxaca State 17
21 02/24/2015 17:03:32 16.31  -98.25 14 3.6 West of Pinotepa Nacional, Oaxaca State 17
23 02/26/2015  09:04:50 16.28 —98.14 13 3.6 Southwest of Pinotepa Nacional, Oaxaca State 17
24 02/26/2015  12:15:04 16.64  —98.39 42 35 Southeast of Ometepec, Guerrero State 17
25 02/27/2015  12:46:53 16.32  —98.16 19 3.6 West of Pinotepa Nacional, Oaxaca State 17
29 02/28/2015  19:42:42 16.29  —98.09 11 3.7 Southwest of Pinotepa Nacional, Oaxaca State 17
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Energy manifestations and phenomena that occur before and after an earthquake can be grouped into two ma-
jor categories: those events associated with the MECHANICAL ENERGY when blocks of rocks break their position
of equilibrium, in this set are included events as terrain deformations or tilting [42]; changes in subsurface po-
rosity, changes in water levels, as well as the release and presence of radioactive gases such as Radon?? in the
surface [2] [5] [43]-[47]. Other category is related to the IONIZING ENERGY, involve energy processes before the
earthquake occurs, fog and cloud formation in areas near fault lines being among those frequently mentioned [1]
[6] [18]; too changes in atmospheric electricity, temperature, and relative humidity [8] [24] [49] [50]; the pres-
ence of electromagnetic flux [48]; lights seen over ridges and mountaintops [16] [50]; and changes in animal and
human behavior [2] [31] [32] [51]-[54]. All of these phenomena manifestations provide strong evidence of
energy existence associated with earthquakes, but not of their exact origin. However, they should not be consi-
dered as merely curious, amusing, or even entertaining phenomena, such as the presence of lights or glares be-
fore and after an earthquake. Such phenomena should be of scientific interest because of the effects that prede-
cessor earthquakes and their accompanying events have on the natural environment and on human settlements.

Atypical conductivity drops at the “Corralero” site (Figures 12-17) behaving as pulses, may provide indirect
evidence of the presence of surrounding energy as presumed and mentioned in previous paragraphs. The subtle
relationship between conductivity variations and earthquakes in aquatic environments near seismic areas and the
energy emanating from the Earth’s crust are evidence meant to further contribute to the understanding of these
events and their preceding accompanying phenomena. As stated in the second assumption supporting this re-
search, natural energy emanating from the surrounding environment would be sufficient to interfere with the
normal operation of the Data Logger, interrupting the electric current or ionic conduction, causing unusual vari-
ations in conductivity; apparently, this interference appears to be a fact. This anomaly leads to two more as-
sumptions: ion movement was directed towards a field of more intense energy, or the electric flux between the
electrodes of the appliance was interfered with by the same field of natural energy (electromagnetic fields), al-
tering the movement of ions.

In order to find a supported answer to these variations, one possibility mentioned in the literature is that
changes in electric conductivity may be caused by the mixing (recharge) of different qualities of water because
of the increases or decreases of ion concentration [55] or possibly also is due also to terrain compress or tilting
[42] caused by very light earthquakes which increase internal water flow rising mixing. Mixing by natural pro-
cesses of ground-water and surface-water interaction appears to be unsupported since the water of the “Corra-
lero” site well does not seem to have an exchange with or to be renewed by a nearby wellspring or rainwater
because sampling was conducted during the dry season of the year. An additional factors might be the tempera-
ture or the proximity of a coastal lagoon, inclusively with all due caution, others could be the Coriolis effect
caused by Earth rotation movement or the Lunar influence by gravitational attraction, some of these possible
answers would be matter of research. Indisputable conductivity variations do not follow a set pattern, as shown
in the sampling site “Corralero”, from week to week the number of variations is not constant, in a few hours can
be presented two o three variations and the next week be more regular with one per day, Figure 12 and Figure
13. In another period it can present a week with two very close variations in a few hours and the next week it
can increase the number of variations, appearing two or three of them in very short periods of time, Figure 16
and Figure 17.

A common element to the ions’ change of direction or the interference of the instruments’ electric field could
be the presence of an electromagnetic field in the surrounding environment; in this case, electromagnetic pulses
emanating from the Earth's crust or deeper layers, evidence of which is an anomaly in conductivity (Figures
12-17). This electromagnetic energy has often been detected and considered a precursor of seismic events by
various authors and it is considered one of the anomalies with the greatest time interval of environment perma-
nency; furthermore, it is characterized by an unusual increase of the electric potential near epicenters [3] [4] [7]
[8] [12] [13] [48]. Therefore, the systematic monitoring of conductivity, preferably established in areas with
frequent and intense seismic activity, may contribute more to understanding of this type of phenomenon. For
this reason, it is a sustainable option and can be a preventive tool when considering the apparent relationship ex-
isting between water conductivity and subsequent earthquake occurrences.

6. Conclusions

According to the results described in this paper is concluded:
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The conductivity monitoring process of water in the wellsprings, the cistern, and the artesian well provide
evidence of the possible existence of local energy that is manifested with drops or atypical conductivity
readings in aquatic environments close to areas of frequent seismic events; as well as of the possible rela-
tionship to subsequent seismic activity. These variations are possibly due to the influence of energy emanat-
ing from inside the Earth’s layers. Consequently, the first assumption upon which this research is based is
apparently fulfilled, as monitoring the conductivity in areas with high seismic incidence and frequency indi-
rectly provides a possible evidence of the presence of an electric and electromagnetic potential in the envi-
ronment, energy that, as stated in the second assumption, could have interfered with the normal operation of
the Data Logger, changing the movement of the ions dissolved in the aquatic environment towards a more
intense field, resulting in reading variation of conductivity.

Variations or atypical conductivity readings in existing water bodies located in areas with frequent seismic
activity show a subtle connection with the subsequent potential occurrence of earthquakes (Figures 12-17).
Conductivity readings in areas with high seismicity not follow a regular pattern over time, they are changing
in short periods of time, registering up to three variations over a period of seven hours (Figure 14 and Fig-
ure 17).

Conductivity monitoring in seismic areas could be a sustainable option as a preventive measure for antic-
ipating earthquakes. This can be achieved by placing measuring instruments in those areas where earth-
quakes historically occur.
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