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RESUMEN 

Con base en una relocalizacion sistematica de los temblores con epicentro cercano a Laguna 
Verde, Veracruz, se llega a una estimacion de a = 0.20 g para 1a aceleracion maxima previsible 
(SSE), que debe utilizarse para el diseiio de la planta nucleoelectrica que funcionara en dicha 
localidad. 

ABSTRACT 

Forty earthquakes recorded near the nuclear power plant site of Laguna Verde, Veracruz, dur
ing 1920-1977 have been relocated. The Safe Shutdown Earthquake is estimated at a= 0.20 g. 

* Instituto de Investigaciones en Matemtiticas Ap/icadas y Sistemas, UNAM, Mexico. 
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INTRODUCTION 

The site of Laguna Verde, location of the first Mexican nuclear power plant, is loc
ated in the Eastern abutment of the Mexican Volcanic Belt. It participates of the 
general features of seismicity which apply to the Mexican Volcanic Belt. 

Earthquake locations in this area depend critically on the regional stations of 
Veracruz, Puebla, Tacubaya, Oaxaca and Merida, established in or around 1911. 
Some of these stations have operated intermittently ;Puebla and Merida are no lon
ger in operation. The nearest station, Veracruz, features mechanical instruments 
recording on smoked paper, with generally unreliable timing. 

No major earthquakes have affected the Laguna Verde site in historical times. 

SEISMICITY 

On the basis of all historical and instrumental records, Figueroa (1963) has postul
ated the "Zacamboxo Fault" which traverses the Mexican Volcanic Belt in an east
west direction through the epicenter of the Oxochoacan earthquake of 3 January 
1920. 

The "Zacamboxo Fault" is to be understood symbolically as a seismicity linea
ment, and not as an actual geological structure. It represents the axis of the general 
trend of shallow earthquakes which are associated with the volcanic belt. These 
earthquakes have been locally destructive, e.g. in Zapopan (1875), Acambay (1912) 
and Oxochoacan (1920); their historical magnitudes are of the order of 6, and may 
possibly have reached up to 7 in Acambay, 1912. 

These shallow earthquakes are associated with surface faulting on recent tectonic 
structures. For this reason their prospective locations can be predicted with some 
confidence. The nearest major structure to Laguna Verde appears to be associated 
with the Cofre de Perote uplift, which produced the 1920 event, about 50 km due 
SW of the site. 

Some offshore structures have been postulated but there is no indication that 
they are directly associated with recent seismic activity. Two or three scattered 
offshore epicenters, with magnitudes of the order of 4, represent the sort of nega
tive evidence which tends to support the conclusion that intra-plate seismicity un
der the Gulf of Mexico is negligible. This conclusion applies probably to the entire 
Gulf Coast area, from Florida to Yucatan. 

I 
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The largest earthquakes in Veracruz State correspond to intermediate-depth 
shocks associated with the Pacific Coast subduction zone. Magnitudes of these 
events may reach 7.5 ~ they can cause widespread damage in an area which extends 
from the coast of Southern Veracruz to the sedimentary valleys in the (southern) 
Volcanic Belt. For example, the damage area of the 1973 event (M = 7.5) extended 
from Tierra Blanca, Veracruz to Ciudad Serdan, Puebla. One small intermediate
focus epicenters has been located just north of the city of Veracruz; none under the 
Volcanic Belt itself. They seem to occur mostly under the Southern Veracruz coas
tal plain, and towards the Oaxaca highlands. 

RELOCATION OF INSTRUMENTAL EVENTS 

In order to analyze the seismicity with a view towards determination of the design 
earthquake for the Laguna Verde NPP, it is necessary to proceed to relocate all 
shocks which have been detected and catalogued in the area. Table 1 lists all ins
trumental events with the corresponding references. 

Table 1 

(a) Historical earthquakes 

1523 Veracruz, damage 
1714 Cordoba, Veracruz (intermediate?) 
1790 April 19 As in 1973 (intermediate?) 
1838 Tidal wave (hurricane?) 
1845 June 6 Veracruz, felt strongly 
1854 May 5 Veracruz and Oaxaca, felt, damage (intermediate?) 
1864 October 3 Casualties and damage in Puebla, some in Veracruz 
1866 January 2 Damage in Puebla and part of Veracruz 
1874 November 13 Jalapa 
1879 May 17 Widely felt in Veracruz, Puebla and Guerrero 
1911 February 3 Widely felt in Veracruz, Guerrero and Oaxaca 

(b) Earthquakes relocated in this study 

No. Date Origin Time Lat. Long. Mag. Comments 

0 1920 Jan 4 04:21:58 19.30 97.17 5.8 Oxochoacan earthquake 
1 1920 Apr 19 21 :06:45.0 18.00 94.50 6.75 he 110 
2 1928 Oct 10 04:38:34.9 17.85 97.63 6.5 h .. l00 
3 1932 Mar 10 23:01:36.5 19.16 96.71 
4 1937 Jul 26 03:47:13 18.20 96.55 7.3 Maltrata, he 85 
5 1943 May 3 10:17:08.2 17.49 95.14 5.7 he 150 
6 1945 Jan 18 18:06:34.0 18.50 93.80 h=40 
7 1945 Oct 11 16:53:02.0 18.15 97.20 h=95 
7* 1946 Jan 11 18:42:09 18.2 94.3 Coatzacoalcos, felt 
8 1946 Jun 30 04:59:32.0 18.00 94.30 h=40 
9 1946 Jul 11 04:46:40.4 17.24 94.33 5.5 h= 180, widely felt 

10 1947 Feb 16 02:15 :49.3 17.41 97.77 



116 GEOFISICA INTERNACIONAL 

(Table 1 - Cont.) 

No. Date Origin Time Lat. Long. Mag. Comments 

11 1948 Jan 6 17:25:56.9 16.70 98.87 
12 1948 Jan 6 18:00:14.2 16.83 98.81 
13 1948 Aug 11 10:36:19.5 18.04 95.22 
14 1949 Aug 1 08:03:52.1 19.43 96.23 5 
15 1949 Aug 6 18:53:26.7 18.10 95.64 
16 1950 Dec 14 14:15:39.3 15.61 98.12 
17 1950 Dec 17 01:08:01.4 16.25 98.93 
18 1954 Apr 7 05:35:47.6 17.49 97.32 
19 1954 Apr 8 19:32:01.1 19.10 95.80 
20 1954 May 28 08:01:32.9 18.35 99.38 
21 1958 Aug 19 01:48: 15.5 18.59 97.66 
22 1959 Apr 6 07:25:52.5 19.14 97.96 5 h= 200? 
23 1959 May 5 01:30:49.5 19.14 97.96 
24 out of region 
25 1961 Dec 3 11:17:39.0 20.65 97.56 h=33 
26 1963 Jun 4 20:28:46.0 18.10 95.94 4.3 h= 127 
27 1964 Jul 23 23:58:01.0 20.54 96.56 4.2 h=33 
28 1965 Feb 3 21:25:33.1 18.72 97.49 4.0 h= 100 
29 1966 May 19 10:42:21.3 17.79 96.14 3.6 h=41 
30 1966 Nov 28 20: 10:43.3 18.29 96.06 4.4 h=67 
31 1967 Feb 1 14:01:22.9 18.56 95.94 3.7 h= 23 
32 1967 Mar 11 14:45:02.0 18.99 95.94 5.3 h=47 
33 1968 Mar 24 02:51:38.5 18.06 95.44 4.7 h= 104 
34 1970 May 5 18:22:21.6 18.14 95.31 4.6 h=94 
35 1970 Nov 6 02:32:00.1 19.65 94.75 4.2 h= 33, foreshock 
36 1970 Nov 6 16:23:04.1 19.71 94.69 4.6 h=33 
37 1973 Jan 31 12:32:27.2 18.16 96.95 4.7 h=50 
38 1973 Aug 28 09:50:37.9 18.40 96.63 7.5 h= 84, Cd. Seldan e'q 
39 1974 Jui 25 09:53:35.6 19.34 96.31 4.5 h=76 
40 1975 Jul 1 01:51:40.3 18.G7 95.51 4.0 h= 151 
41 1977 Dec 26 07:27:45.6 18.12 97.35 4.7 h=67 

The relocation procedure was as follows. First, all available readings were culled 
from the International Seismological Summary, the Bulletin of the International 
Seismological Center, the Tacubaya bulletins and other sources. Computer flles 
were constructed with these data, and the 15 nearest stations were selected for the 
initial trial locations. These trial locations revealed serious discrepancies with ear· 
lier epicenters, particularly for events prior to 1940. 
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The second iteration included the selective elimination of stations wich showed 
high travel-time residuals or were otherwise unreliable. In the case of nearby sta
tions the Sop intervals were used even when P-times were discarded. 

Finally, only halL a dozen doubtful locations remained. These events corre
sponded to earthquakes which occurred before 1930. They were relocated manual
ly, and the manual solutions were run with the same epicenter program in order to 
obtain the travel-time residuals as before. The tabulated computer output for all 
solutions is given in Appendix I, and the solutions are displayed in Figure 1. 
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The location for the Oxochoacan earthquake of 3 January 1920 was obtained 
from macroseismic evidence, since this important earthquake was not recorded at 
most foreign stations, and the times from local stations are unreliable. 

The shock nearest to Laguna Verde is event No. 14 of 1 August 1949, relocated 
41 km to the southeast of the plant. This earthquake occurred just offshore, some 
30 km northwest of Veracruz. It is a shallow event. The magnitude has not been 
determined; but from the geographical extent of stations reporting I estimate a 
magnitude just below 5. No felt reports have been found for this event, though it 
should have been felt in Veracruz. 

Two small events were relocated in deep waters, in the Gulf of Mexico. Reloca
tion gives no support to the hypothesis of tectonic scarps off the Veracruz coast 
being seismically active, since all offshore epicenters relocate either on the conti
nental shelf or below a water depth of more than 2,000 m. 

The largest historical event in the Laguna Verde area may be assumed to be the 
great Veracruz-Puebla earthquake of 1973, which destroyed Ciudad Serdan and se
verely damaged C6rdoba and Orizaba in the State of Veracruz. Similar but smlllier 
events of the same kind (intermediate focus under the Veracruz-Alvarado coastal 
plain) occurred in 1714, 1864 and 1937. 

THE OXOCHOACAN EARTHQUAKE 

The event of 3 January 1920 was highly destructive in a radius of about 15 km 
(Figure 2). The Institute of Geology published an excellent memoir based on field 
studies carried out after the earthquake (Camacho, 1922). However, the shock was 
not reported by many foreign stations and was not located by the International 
Seismological Summary. Gutenberg attempted a location but gave up; his manu
script note on the event has been preserved at Pasadena. Since other Mexican earth
quakes of magnitude 6 and above were well recorded at U. S. stations at the time, 
it seems likely that the magnitude of the Oxochoacan event was about mb = 6 or 
less. 

This assumption is consistent with the localized extent of the damage. This 
earthquake was a Managua-type event with shallow focus and concentrated damage. 
However, the local magnitUde was somewhat below that of the Managua earthquake: 
probably around 5.5 to 5.8. 

The evidence for surface faulting is about as clear as one might expect for a field 
investigation carried out in 1920. Near Xico there is a small foot bridge made of 
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steel girders which buckled because of shortening of the span by about one foot; 
this is still visible today. 

The earthquake was unlikely to be felt at the Laguna Verde site. 

ITl: 

VERACRUZ 

1lII 

Fig. 2 

THE CIUDAD SERDAN EARTHQUAKE 

The intermediate-depth earthquake of 28 August 1973 was the most destructive 
Mexican earthquake of this century. It caused more than 500 deaths, according to 
official statistics. The area of maximum damage was elongated in the north-south 
direction and covered much of the State of Puebla and adjacent parts of the State 
of Veracruz. The epicenter was located near the southern edge of the meizoseismal 
area (Figure 3). 

More than 200 colonial buildings, particularly church towers, were damaged. 
Destructive effects were almost entirely in adobe construction, with typical inten
sities of VI-VII on the Mercalli scale. In Ciudad Serdan, Pue., there was large-scale 
destruction of adobe houses located on valley sediments. In Orizaba, Vero; one 
older 4-story reinforced concrete building collapsed. The ground floor of this build
ing was used as an automobile showroom and several structural columns had been 
removed by the owner for reasons of space. 
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The earthquake had a magnitude near 7 1/4 to 7 1/2 and a focal depth of 84 km, 
probably near the top of the subducted Cocos Plate. The distribution of intensities 
indicated that much of the energy was channelled along the top of the plate and 
then refracted upwards. However, the volcanic belt acted as a barrier and inten
sities north of the axis of the belt were uniformly low. 

At Laguna Verde the intensity was around IV on the Modified Mercalli Scale. 
Unfortunately the accelerograph was out of order at the NPP site. Accelerations of 
up to O.lg were recorded for this earthquake, e.g. at Minatitilin, Veracruz. 

m 

Fig. 3 

The abrupt decrease of seismic intensities north of the axis of the volcanic belt 
("Zacamboxo Fault") had been previously noticed by Figueroa (1963); it is a reg
ular feature of all Southern Mexican earthquakes (Figure 3). It has been surmised 
that the volcanic belt acts as an absorption barrier against the propagation of seis
mic energy. More recently it has been shown that much of the energy in subduc
tion earthquakes travels along the subducted Cocos Plate (Lomnitz, 1982). Thus, 
a discontinuity in the subducted plate under the volcanic axis would effectively 
prevent the channelled energy from spreading northwards. 

Whatever the explanation, sites such as Laguna Verde are adequately protected 
against high seismic intensities from subduction earthquakes originating. in the Co-
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cos Plate. Because of its high magnitude and pronounced northward focusing of 
seismic energy, the 1973 Ciudad Serdan earthquake may be taken as the critical 
event in this category. 

SUMMARY OF SEISMICITY AT LAGUNA VERDE 

In conclusion, the following sources of seismic hazard at Laguna Verde have been 
identified: 

a) Seismicity associated with surface structures in the Mexican Volcanic Belt. 
The prototype of these events is the Oxochoacan earthquake of 1920. 

b) Seismicity associated with the Cocos Plate Subduction zone. The prototype 
of these events is the intermediate-focus earthquake of 28 August 1973, des
tructive in Ciudad Serdan and areas of the States ofPuebla, Veracruz and Oa
xaca. 

c) Other. There is some indication of offshore rift structures parallel to the 
edge of the continental platform under the Gulf of Mexico. They are prob
ably caused by gravity sliding of sediments. 

Seismic effects from a possible volcanic eruption near the site are also to be con
sidered. 

The intensities at Laguna Verde from the prototype events in categories a) and 
b) probably did not exceed IV on the Modified Mercalli Scale. It is conceivable 
that the Oxochoacan Fault might generate earthquakes of higher magnitude than 
the 1920 event; perhaps a magnitude of 7, as in the 1912 Acambay earthquake, is 
not to be ruled out. In my view this is highly unlikely, because the Eastern volcanic 
belt contains no major structures such as the Acambay graben. Nevertheless, if 
such an event were to occur in the Oxochoacan region it could generate accelera
tions of up to 0.1 g at Laguna Verde. 

Similarly, it is conceivable that an intermediate-focus event of a magnitude close 
to 8 could occur under the Veracruz coastal plain, at a focal depth of 80 - 100 km. 
Again, in this case accelerations of the order of 0.1 g would be expected at Laguna 
Verde, from an epicenter near Alvarado, Veracruz. 

The most serious problem arises from source c), i.e. events of volcanic origin or 
from nearby unidentified structures. Though both possibilities have been separate
ly discussed (Mooser, 1980), we believe that the question must be taken up again 
from a seismologist's point of view. 
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The possibility of a nearby unidentified focus, possibly connected with offshore 
rifting, is closely bound up with the general issue of intraplate seismicity. All one 
can reasonably say is that intraplate seismicity is minor and magnitudes tend to be 
low. The few scattered spicenters in the Gulf of Mexico are reassuring in this re
spect. In my opinion these epicenters cannot be attributed to any single structure 
known or unknown. If an intraplate event occurred directly under Laguna Verde, 
and if its magnitude were as high as 5 (an extreme upper bound, in my opinion), 
an acceleration of up to 0.20 g could perhaps be expected. 

I would not hazard a guess as to the likelihood of such an occurrence: it is cer
tainly very low. Yet it cannot be entirely ruled out, since the few scattered epi
centers in the Gulf attest to the existence of intraplate seismicity. 

As for the possibility of a nearby volcanic eruption, geological evidence indicates 
that the eruptive centers in the Laguna Verde area have been inactive for about 2 
million years or more. In my judgement this makes the likelihood of a nearby vol
canic eruption about comparable to, or even slightly higher than, the likelihood of 
an intraplate event under Laguna Verde. Therefore it must be taken into considera
tion, though we are speaking of extremely rare events even in terms of risk to nu
clear power plants. 

Some of the volcanic structures near Laguna Verde are extremely impressive, 
e.g. El Abra. An eruption at one of these structures could shower tons of pyroclas
tic materials over Laguna Verde; yet the seismic effects would be relatively minor. 
An eruption located at a distance of 15 km from Laguna Verde could generate ac
celerations of 0.10 - 0.20 g at the site. 

ESTIMATION OF OPERATING BASIS EARTHQUAKE 

This exhausts the possibilities of earthquake risk at the Laguna Verde site. Recur
rence times m categories a) and b) are about once in a century, while recurrence 
times in category c) are of the order ot 106 years. 

On the basis of the locations and magnitudes of earthquakes in the region, the 
events to which the NPP will be exposed during its period of operation will belong 
to categories a) and b), with epicenters in the Xalapa area (shallow), or under the 
Veracruz coastal plain (intermediate focal depth). In either case, the maximum 
probable acceleration will be 0.10 g; it is estimated that such an acceleration is to 
be expected about once in any 50-year period. It is true that such a high accelera
tion was never positively observed at Laguna Verde; but we cannot entirely exclude 
the possibility that a peak acceleration of 0.10 g might have been reached during 
the 1920 or 1973 events, since no accelerograph records are available for either. 
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In conclusion, we judge that a proposed OBE of 0.10 g is conservative and should 
be recommended in view of the numerous unknown factors involved in the estima
tion of seismicity at a relatively low-risk site such as Laguna Verde. 

ESTIMA TION OF SAFE SHUTDOWN EARTHQUAKE 

The Safe Shutdown Earthquake is normally estimated on extremal considerations, 
and the Operating Basis Earthquake is then taken to be at half the SSE acceleration. 
I should like to explain briefly why I believe this to be an unsound procedure in the 
case of Laguna Verde. 

The Laguna Verde site is an intraplate site located about 500 km inland from an 
active volcanic belt. Finally, monitoring of local seismic activity has been and is in
adequate, in the sense that no reliable high-gain seismographic stations have been in 
operation within a radius of more than 200 km. 

In such a case the uncertainties involved in the estimation of the SSE are very 
great indeed. Precisely because the risk is low, very few observations of earthquakes 
are on record. And the smaller the sample size, the greater is the variance. The cur
rent practice of estimating the SEE before the OBE leads therefore to castigating 
low-risk sites, such as Laguna Verde, more severely than high-risk sites where more 
seismic information is available. Obviously, the public interest is poorly served by 
this policy, since it leads to high-risk sites being preferred to low-risk sites. 

On the other hand, the OBE can be estimated reasonably well from the seis
micity record. In the case of Laguna Verde there can be little argument that an earth
quake with an acceleration of 0.10 g represents a conservative estimate for the OBE. 
This is the highest earthquake the nuclear power plant will be subjected to in an 
average 50-year period. 

What shouldtbe done about the SSE? According to current siting criteria as used 
for example in the United States, estimates of site acceleration are obtained from 
formulas or graphs as a function of magnitude and distance. Usually it is assumed 
that the largest "feasible" earthquake occurs at the point on the nearest active struc
ture which is closest to the site. 

In the case of Laguna Verde, no local scaling parameters for acceleration have 
been developed: because of the low seismicity no observations are available. For 
the same reason there are no known active faults or other active structures in the 
general area of the site. This is an extremely unfavorable situation from the tradi
tional point of view, since the current siting criteria require the plant to be designed 
for a "floating" earthquake located directly under the plant! No wonder.low-risk 
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sites are regularly overlooked in favor of sites located near known active structures 
(Lomnitz, 1981). 

Such unrealistic siting procedures have contributed to a situation where plants 
built on needlessly risky sites are vainly battling for licensing, thus threatening the 
rational development of a safe nuclear industry. 

On the other hand, the same siting regulations which prescribe unrealistic values 
of the SSE will blithely accept a design value of 50% of the SSE for the Operating 
Basis Earthquake, even though this value represents the kind of conditions most 
likely to be encountered during the lifetime of the plant! In other words, hypo
thetical extrapolations are given more weight than data based on field observations 
plus geological information. 

In this paper I propose to follow the inverse procedure, namely to estimate the 
OBE and multiply the OBE value by 2 in order to obtain the SSE. This procedure 
is not only more rational and therefore safer, but it corresponds closely to the time
tested engineering concept of the safety factor. In other words, I propose a return 
to sound engineering criteria in nuclear safety, based on the idea that a low-seismic
ity site is preferable to a high-seismicity site, precisely because fewer local data are 
available. 

Can we imagine any seismic event, or combination of circumstances leading to 
seismic shaking at Laguna Verde, under which a horizontal acceleration of 0.10 g 
will be exceeded during an average 30-year period? Note that this level of accelera
tion corresponds to a Mercalli intensity of VII, with generalized damage and col
lapse of adobe construction. No such event occurred during the past four centuries 
of Western occupancy. Accelerations of up to 0.10 g having nevertheless occurred 
elsewhere from subduction earthquakes which characteristically feature very large 
felt areas, we may accept this value as a conservaTive design value for the OBE. 

A value of twice the OBE seems a reasonable upper bound for the SSE, even 
though no specific reasons exist for supposing that such a high value of the accelera
tion can ever be reached during an earthquake at Laguna Verde. Even an intraplate 
earthquake of magnitude 5 located directly under the plant would barely generate 
such accelerations: and there are no active geological structures in the Laguna Ver
de area which are capable of supporting a shallow local earthquake of this magnitude. 

In conclusion, the design values for the Laguna Verde site are as follows: 

OBE: 0.10 g 

SSE: 0.20 g 
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118.9 
134.7 
194.0 
.306.1 
761.1 
8:Y,.3 

1171.4 
1~j14 • .2 
2112.3 
23::~7. 0 
2341.5 
2363.7 
256().O 
2515.0 
::?62-~. 9 

PROF. 

f~[SI[lUOS 

S 

22.7 ****** 31.9 0.0 

2. '} ****** 
6.~) ****** 

1t.O ****** 
10.2 ****** 
11.9 ****** 
4.7 ****** 

. B. 2 ****** 
31>.7 ****** 
]8.9 ****** 
:3'1.8 ****** 
44.9 ****** 
4'~. ~ ****** 
57.0 ****** 

W)FM ORIGfN 

3 47 13.0 

- 49.7::-':; GRADOS 

13 OBSERV(lCIONES ET IMINADAS 

15.2 

NO. ANNO lmrs filA 
5. 1943. 5. 3. 

E"STACIONfS POR [I. IMINAR:4 

Cl.JALES rSTM-:!ONES:t,2,3,5 
f'RnFUNIHDAD f L'A:::? ([lfFAlJl.T:-::LIBR[; • ,G"===GLOBAU: 1 

CAP 
~.ln 

no 
BOG 
LA.) 
RIV 
MOV 
PAS 
LOG 
fIN 

ARRIBOS 

276.0 
286.0 
288.0 
318.0 
326.0 
331.0 
337.0 
3:38.0 
352.0 
3~j3 .0 

S 
494.0 
512.() 
514.0 

0.0 
0.0 
0.0 
0.0 
0.0 

632.0 
0.0 

., I TERAC lONEr. 

EF'JCE'NTRO 

17.49 -95.13 

ELIPS[ DE CONFIANZA 
2.80 2.30 KM 

ANGULO [lEL EJE HAYOR= 

DIST 

221>8.9 
2391.7 
240~.8 

2693.6 
2810.6 
2868.9 
2935.6 
294b.7 
1:127.8 
311:9.2 

PROF. 

1 R 

RfSIDUOS 

P 
--0.4 
-0.3 
0.7 
0.0 
0.3 

-0.1 
0,.4 
0.5 
0.3 
0.'2 

s 

****** ****** ****** ****** ****** ****** ****** ****t* 
****** ****** 

HORA ORIOEN 

10 17 8.2 

-65.57 GRADOS 

o OBSERVACIONES ELIf1INADAS 

X I -CUADRADO= 0.1 
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NO. ANNO (lMES DrA 
6. 1945. 1. lB. 

(LAhLONG)'!': la.5~93.8 

HORA ORIGEN: (HORA.i'1IN,SEGS)? 18,6,.14 

[STf'lCION[S PDR ELIMINAR: 
PROFUNDIDAD? (KM): 40 

CST ARRIBOS [lIST RESlnUDS 

r 
VER 46.0 72.0 261.::J ··7.1. 0.0 
PUE 69.0 12.1 .0 469.8 --10.5 ****** "TAe 82.0 0.0 57} .3 10.9 ****** MER 00.0 140.0 509.4 ~.:::i ****** Tue 289.0 :')46.0 :??rlS. ~~ ~.:? ****** STL 290.0 52B.O 2.2::;4.3 9.4 ****** FLO 290.0 528.0 '2'276.6 7.9 ****** PIE 332.0 0.0 2731.9 4.7 ****** PAL 335.0 0.0 2819.1 -4.7 ****** LAJ 335.0 0.0 283~.D :'":i.9 ****** BOU 334.0 0.0 78?8.0 - 6.5 ****** RIV 341.0 0.0 28'74.0 --4.c;' ****** SAN 341.0 631.0 2914.9 -6.7 ****** MOV 347.0 0.0 :?9<~O. 7 -4.4 ****** PAS 347.0 0.0 :'?71.8 '-5.3 ****** 

0 IT[RflCIONES 

EF'ICfNTRO PROF. HORA ORIGfN 

18.50 -93.80 40 R 18 6 :34.0 

ELlf'SE DE CONFIANZA 
16.60 16.~5 KH 

ANGULO DEL EJE MAYOR::: -42.79 ORADon 

10 ODSERVACIONES ELIMINADAG 

X I -CUADRAClO= 

NO. ANNO aMES DIA 
7. 1945. 10. 11. 

<LAT,LONG)'?: 18.15,97.2 
HORA ORIGEN: (HORA,MIN,SEGS)'? 16,53,2.0 

ESTACIONES POR ELIMINAR: 
PROFUNDIDAD,? (KM): 40 

EST ARRIBOS DIST R[SIDUOS 

P S P S 
PUE 15.0 31.0 140.9 -6.7 0.0 
TAe 26.0 43.0 25'5.3 -9.8 0.0 
GUA 82.0 0.0 701.2 -·9.1 ****** TUC 248.0 "456.0 2073.6 -11.7 ****** BAL 266.0 0.0 2156.5 -2.6 ****** CAP 269.0 495.0 2248.5 5.8 ****** STL 279.0 514.0 2373.2 6.7 ****** COL 277.0 525.0 2377.4 4.3 ****** LAJ 296.0 0.0 2577.1 6.0 ****** PIE 296.0 0.0 2584.2 5.3 ****** BOU 300.0 477.0 2629.1 4.9 ****** RIV 302.0 543.0 2665.4 3.3 ****** MOU 308.0 545.0 2732.1 2.2 *.* •• * 
PAS 309.0 545.0 2732.1 3.2 ****** CIiH 316.0 574.0 2772.6 5.0 ****** 

0 ITERACIONES 

EPICENTRO PROf. HORA ORIGEN 

18.15 97.20 40 R 16 53 2.0 

ELIPSE DE CONFIANZA 
19.97 1?:~!J KM 

ANGUl.O rWL [.If Hi'lYOr~-: S5.4~ URADOS 

9 OBGERVACIONES ELININADAS 

NO. ANNO aHES DIA 
~5. 1946. I. II. 

ESTACIONES POR ELIHINARI1 

CUALES ESTACIONES:4 
PROFUNDIDAD FIJA""1 (DEFAULT=LIBRE' ·,O·=GLOBAL): 1 

EST ARRIBOS DIST RESIDUOS 

P S P 5 
VER 48.0 0.0 111.5 O.B ****** PUE 72.0 121.0 323.3 -3.5 ****** TAC 88.0 152.0 430.4 ~.2 ****** CAP 282.0 0.0 2058.2 -0.6 ****** TUC 292.0 0.0 2119.3 2.8 ****** BTL 296.0 535.0 2181.5 0.3 ****** FLO 297.0 0.0 2192.6 0.1 ****** PIE 337.0 0.0 2615.1 1.1 ****** LAJ 338.0 0.0 2654.9 -2.5 ****** I:tAL 340.0 0.0 2652.7 -0.2 ****** BOU 342.0 0.0 2662.3 0.6 ****** OVE 343.0 0.0 2670.7 0.6 ****** RIV 347.0 0.0 2728.4 -2.5 ****** MOU 352.0 0.0 2795.1 -0.2 ****** 

8 ITERACIONES 

EF'ICENTRO PROF. HORA DRIGEN 

19.40 ·-95.08 I R 18 41 56.3 

ELIPSE DE CONfIANZA 
2.38 2·.09 KH 

ANGULO DEL EJE HAYOR= -28.14 GRADOS 

0 OBSERVACIONES ELIHINADAS 

x I -CUADRADO= 3.3 

NO. ANNO "HES DIA 
8. 1946. 6. 30. 

(lAT,LONG)';': 18.00,94.3 
HORA ORIGEN: (HORA,HIN,SEGS)1 4,59,32. 

ESTACIONES POR ELIMINAR: 
PRO,UNDIDAD1 (KM): 40 

EST ARRIBon DIST RESIDUOS 

P S P S 
OAX 48:0 0.0 288.6 0.1 ****** PUE 64.0 0.0 434.0 -2.2 ****** TAC 78.0 0.0 533.8 ·-0.5 ****** HER 115.0 175.0 586.0 30.0 ****** MOB 201.0 359.0 1536.4 -4.1 ****** COL 286.0 493.0 2204.8 4.3 ****** TUC 274.0 493.0 2292.4 ···0.3 ****** STL 283.0 508.0 2316.2 7.0 ****** FLO 283.0 509.0 2338.4 5.3 ****** BOG 328.0 542.0 2647.2 23.1 ****** CHC 318.0 606.0 2718.1 5.8 ****** PIE 319.0 0.0 2788.9 -9.3 ****** PAL 321.0 0.0 2921.6 . 10.0 ****** BOU 323.0 0.0 2835.8 -9.2 ****** OVE 324.0 0.0 2845.7 -9.0 ****** 

0 ITERACIONES 

EPICENTRO PROf. HORA ORIGEN 

18.00 -94.29 ~o R 4 59 32.0 

ELIPSE DE CONI'IANZA 
10.47 9.70 KH 

ANGULO DEL EJE HAYOR- 58.02 GRADOS 

9 OBSERIIACIONES ELIHINADAS 

6.8 
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NO. ANNO QMES DIA 
9. 1946. 7. 11. 

U3TACIONrs POR ELIMINAR:3 

CUAlEG HiTACION[S!4,6dO 
PROrUNIrIDArr FIJA"O'!, (DCrAULT:::-t.IVRE; ·,G·=GLOBAt): 20 

DIST RESIDUOS 

F' S 
or.;: :,0.0 64.0 767.3 -1.0 -S.~ 

'JD, 4'·1.0 ;'3.0 :;"90.3 2.1 3.6 
"uc ,:.1.0 10:'.0 464.4 -1.1 -3.4 
,'1£."r: fL"'.() t ~.:;~ .• 0 (H1.S :.'.::-' ****** 
N:.N 1 ,~':' .() :.~4~J • <> 10C:',:' 0.5 ****** f~tW _~o:\. c ,;~!Cl. 0 it,lf).1 it,::' **;U** 
1:.111 ~':"~'" C ·10~·,.O t }4/. ::~ ~ .. , ****t~:: 
CUL :.';'1 ." '7~'. () :'::'/'i',D .t. *;f:***;~ 
rue ~r::j. () ~jlA .0 :' I:Jil.t.J :~ . ;' ****:::* 
';n :.~ :": 1 • () ~.~.1 D •. J ;"'404 .:~ 0.7> ****** n 0 :-'B~', .. ) ~ .. :>() •. ) :'1:'b.4 '0./, ;U:i:*** 
nOG .5(J'~J • 0 ~·j~~O.o :'{,04.n :.~ • ? ****** 

ITFJ.:."Ar.rON[H 

r.r'ICUlTr::u Hn~r, ORICnJ 

L.'.:'O 

[l If'~;[ {If l.I:ur 1;",I'J:(, 
~', • r. ';' , ,. '.' I,tl 

t,NCiWfJ III I t.lf thjyrll~ 

.. 1 rl1:,IH:/,{r(J 

1m ° MUle {)Mr:; II [,i 
10. 1 ,:' 17. I". 

L ~, I fir J liNE ~.; I '("]f.: ll. r ,'j 1 ,'t,,)l ::' 

! 111',1 ['; ! ~';T (,:; fW}1 :.;; I '~'; 

f'!:!lt IJtJiltllfiI"l f L:,~, UilT,';!lI r t lnr.:C: • d';- fa nn.;t ): 

[11 :':T rH'!~ 1 Dr tJl~~ 

:,Il ,~.;. (I :"1,,:- 1 1. 1 **:);: .... ~* 
I [,' .:01.0 ~~14.{~ ','1. ~, . " O. ,1 **U:;::* 
I 'til .51:l.0 ','.:}':' ." ;;*;;.-*** 
'·:011 .1. .0 '.) .0 :''.'.~~ .' . n 1 .:"' ~::I":;':;:,*:\: 

II'.!F ,~;' 'I. () nyO '.,,(, 1 o. , :t:i()r;~*t 
II'TV ,:~:.) ': . (' (;.0 ""' • ~-J n • ..1 ****.!:;~ 
nlHI "~,H).O :~ .'4:'1. t 1 .:1 t·t4.*** 
I':"!; :1.\0.(; O.{' "'I ~ • :' :7.7 *****"* I.:()fi l .~ 1 • (l /, 1 '.'.0 :",'1-1.1 0.4 ****** I ltd .','10vO ~) • 0 :'n.7". 1 j • ~"j ,~***** 
~~t Ie ,: 10.~) ,'.()~, • 0 ;1n/,}. !'j 1 .n **~**;~ 
J [N .:1:l.(! ,:~ . () ,H)~}·4. ;-; 1. 1 *:Ick*** 

HORA nF"lr;n: 

(.!.1t 1 r: 

[( U':,[ III Cf.JNF" IMJ."°i) 
l(L:l:"~' W (),,;~:l/.{d LM 
,'"IN(JtJ[ Ii II! t (.Il H,"'d(lfi' 
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NO. ANNO m1f: !J 
11. 1940. 1. 

IHA 
(, . 

E:£nACION£!::O r'OR EL.tMINAr~::~ 

CUALU; lSTACIONrS:l,2,14 
PRCJrUNltlDAP FtJA:::? C[lETfilJL T I THf~I""'; •• r";" "ra nnA: ) 

[ !~T ARnrnOfi 

DAl 204.0 0.0 
file :.~70. () 0.0 
COL 31 -' .0 :"jW7.0 
I.AJ ,314.0 0.0 
!"'At. ,31::.0 0.0 
j'n: .. '.:?O. () 0.0 
BIJII ~:~:L() ':.0<;'.0 
t~JI.! 3::~,3. 0 0.0 
MIJiJ :~:·~9. 0 0.0 
l"' 1'1 ~~ :C~G. 0 0.0 
HAl .14t ,I) e .0 
fIN 347.0 0.0 

3 [lTkAC IONEG 

[PICrNTf.:O 

16.70 

rl.lF"'!.:t:: [I[ CONFIMJlA 
:~. 4<;' ~.2.;', I\t1 

t'lNGtJLO nn. [,.H MAYnr~:': 

Nfl. f'HJNO mi[~3 

1:'. 1911::. 1. 
ntt. 

:':';/,7.9 
:·'::;7!~. 1 

::(,~' 1 • ',~ 
;.','; :");., . :~ 
"/){,}.1. 

:.'7:".~. ',1 
",) :':~ 1 • 1 
'.'D/,:. '.) 
;"'?~~;; • [: 

CIJALC:) [STAC!(INr'~~!:', -:'~'}. J :.~ 

0./, ,:": ':'*~';lc 
1 , J:~;J:tu. 

,- 1 ~;L~:I:'~ " , .n :'t.';l::r;t: 
n, ., ,I::: ;t:i';!, , ." ****** c ';' ;{J:LL~:t 

C. ,'. ,~;~. ~::.: J::t , ., 
." " , . :.~ .::~·t,~~';~· 

n.n , ,/;:*;~ 

,. 

F'ROFlJNDIDAtr rLJA-'o' ([lUAU: f:..: l:-;r::r~ ".Ii· :.~;: (m,·:,I~; 

["!:;T AF~r:.tnOf; nt:-;I" r:r"~ : nll(1l": 

r 
OAX 43.0 O.C :~:~3 . ',:-; I.' :t,'/;;+ ,\~",t, ~ 

TAe ..s1.0 0.0 7<:'0.n :1, ? ****~~t: 
VER 67.0 0.0 :mo.~·:; (l. , ;~*»:*.:;.j( 

MAtJ 100.0 150.G /,1(i.7 ? :~ **t:t::::::t 
GUA 100.0 15b.O 63:.~.:1 1.:' ~·;t*t*;t 

nAL ':-)(;'0.0 0.0 ';':Y,1.4 0, n ;:...t:t**:):: 
LA..J 317.0 0.0 =';;~? ~, 1. :~ ;/cU**;~ 

PAL 317.0 0.0 2570.4 0.:' ****** 
PIE 320.0 0.0 :~,t,t 1.? ., ;:';:-:f:::** 
R.H' 3::~4 .0 0.0 ::)6~.jO.'.:' ,,t, ::c~:;;.·*** 

MOt,.' 3;~'i'. 0 0.0 2714.~; l.::' ;l:::::*::"*:!:: 

? :[ TEf~Ar I ON[0 

CF'ICENTRO F'fwr. HORA nrnrWN 

16.83 "98.83 12 18 0 11 • .? 

ELIP[)[ DC CONFIANZA 
67684.64 570~~4. 32 KH 

ANGULU DEL (J[ HAYOR= "0.00 GRADOS 

o OBSERVACIONEG EL. IMINADAS 

x I -CUADRADO= 4.3 

NO. ANNO aHES DIA 
13. 1948. 8. 11. 

ESTACIONES POR ELIHINAR:6 

CUALES ESTACIONES:2,5,6,8,11,13 
F'ROFUNOIDAD FIJA=? (DEFAULT=LISRE; -,G-=GLOBAL): 20 

EST ARRIBOS DIST 

P S 
(lAX 33.0 0.0 203.4 
PUE 48.0 0.0 325.6 
TAC 63.0 0.0 447.5 
HAN 125.0 0.0 967.5 
ruc 272.0 488.0 2214.4 
STL 283.0 516.0 2332.6 
BOG 318.0 582.0 2736.1 
CHC 318.0 575.0 2733.1 
LAJ 318.0 0.0 2739.8 

3 ITERAC JONES 

EPICENTRO PROF. 

18.04 -95.20 20 R 

ELIPSE DE CONFIANZA 
8.69 5.60 t<M 

ANGULO DEL EJE HAYOR= -84.11 

o OBSERVACIONES ELIHINADAS 

X I -CUADRADO= 

NO. ANNO aHES 
14. 1949. 8. 

DIA 
1. 

ESTACIONES POR ELIHINAR:4 

CUALES ESTACIONES:5,13,14,15 

RESIDUOS 

P S 
0.6 ****** 
O.S ****** 1.8 ****** -0.7 ****** -2.7 ****** 4.1 ****** -1.2 ****** -0.8 ****** 

-1.7 ****** 

HORA ORIGEN 

10 36 19.5 

GRADeS 

PROFUNDIDAO FIJA=? <DEFAULT=LIBRE; ·,G·=GLOBAL>: 1 

EST ARRIBOS DIST RESIDUOS 

P P S 
VER 11.0 0.0 24.9 0.2 ****** PUE 38.0 0.0 209.3 -1.2 ****** TAC 53.0 0.0 311.8 1.1 ****** TUC 259.0 478.0 2041.4 0.4 ****** CHC 314.0 556.0 2609.0 1.0 ****** PAL :J11.0 0.0 2571.2 2.2 ****** 
g3~~ 312.0 0.0 2587.7 1.4 ****** 313.0 0.0 2600.4 1.0 ****** RIV 317.0 0.0 2649.8 -0.7 ****** PAS 322.0 0.0 2716.5 -3.8 ****** CLE 330.0 599.0 2815.6 -1.7 ****** 

3 ITERACIONES 

EPICENTRO PROF. HORA ORIGEN 

19.43 -96.23 1 R 8 3 52.1 

ELIPSE DE CONFIANZA 
167441.23 105672.41 KH 
ANGULO DEL EJE HAYOR- -0.00 ORADOS 

o OBSERVACIONES ELIHINADAS 

X I -CUADRADO= 2.7 
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NO. ;)NtJD nMES filA 
l~j. 1 Q49. 8. O. 

f:I '{)t C, [:; T ('If lfltll ~,: 1 13. 1 
r'r~(H tmilIW'\!1 I r J.", - ([In AUt 1-1 rF:Rr; •• /i ··:;.1JI.0BAl. ): 1 

!: ~~ 1 I'\r,:r~ [HU!; n [~; r r~r~;y 1I11f)r> 

f' 
OA;: :"/.0 (J.n 111'l.4 O. '7 ****** 
f1U~ 'J:'.q e.() /O.l:. ~I 0."', ****** 
lUI: :' :0. 0 1;)4,(: :'lHn.9 ().t ****** 
! 'If ,~t l. 0 0.0 :"f,91.1 1·:-0 ****** 
,'(\L ,~:'O. 0 0.0 :.'/07. J o. :-' ****** 
[l()ll ... .n 0.0 ',' 1.~4. 4 1.1, ****** 
li[l/ ,~:' /.0 o .n :.'/B~";.A :.'.:' ****** 
1'1\'; ,~,~:.'. 0 O.(l :->BI.:~ .1, o.n ****** 
elltJ :i.'{l.O 0.0 :"'9:"'1 • .:' 1.1 ****** 

T If ruw tnN~ !; 

rj'TntJlrill ('For HI)f~A mnrWN 

tn.l0 'l~:;. (,4 1 r .. HI ~"", "\ ',~l, , 7 

" n':,! liE CntWIANIA 
I,'.' I ;,,',.1/ 1/.:'(,:'(,.t1 '" (ltlr;!l! II flH 1./1 Mr,'(IH( r/O.OO fW;)rrrm 

I,) r)!:~;~r:'.'t.f'lfHJ[!,) E"IIMINATlA:; 

rHl. (lNfm lml!; 
I I,. 1 ';'~,o. "J :"'. 

TllA 
lL 

r ~;'t,LlIINI~, r'm, ["I IMHJM;!,~ 

UI(,/ I:; f:;' {,t' \ (lNr:3: f,. to. t~'. 
I"'~inr IINlflnr.11 "I IA nUTi'll/! I "( rra:r: •• fi· (j/ flflAI ): 1 

I ~, f Ar::r;lWI~; 

tIM: ~O. 0 0.0 
I'W 1n.O 0.0 
flit: ~A.O 0.0 
'.!fr,: ~)7 .0 f).O 
(,IIA lOt.O n.o 
UIH :'()7.0 Jlt.O 
I II :Y,4.0 4 f/4.0 
IIJ{: :)}1.0 4f",7.0 
~ ; fl ,H)','. 0 ~!7?O 
IJ-j,1 .tll,.O G.O 
f"fJ1 .H:"L() ;.,J't.O 
I.'At 311. .0 0.0 

T Tr~(lCIONE!:; 

H'ICFNTFW 

1 ~, • () 1 90.11 

[l [f'ra ur CLlNr IANlA 
:~ ,,',l :~. 10 KM 

ANCiIlLfJ on l,1E" MAYOR:.." 

:~ 1:'; • 1 
,UJ4.:", 
479.n 
4-17.(, 
7H9.n 

11.5/3.:1 
:?19~,. 4 
7?41l.1 
:"'6t.:.'. :~ 
~714. 1 
?t./;?4 
:'n~.9 

PRor. 

:t;u;~** 

****** 
****** 
:t*:t*** 
****** 
****** 
****** 
****** 
****** 
****** 
****** 
****** 

HORA fIRTr;rN 

1 R 14 1~"i ;19.:-i 

02.7'J GRnOOf) 

o nHsn~VAr:lnNrs fl IMINAHAG 

NO. ANNO QMES DIA 
17. 1950. 12. 17. 

ESTACIONES POR ElIMINARt 3 

CUAlES ESTACION[S:1,10,15 
PRorUNDIDAD FIJA=? (DEFAUl.T=l.umr; • ~n·"""'ra mUd): 1 

EST ARRIBOS DIST m":>TDuns 

f' s p " PUE 49.0 91.0 :';73.(, "/. ~:) 1.('} 

rAe 5~.0 0.0 :-i4~.6 1.9 ****** 
'JER 111.0 0.0 439.2 "'/ .0 ****** 
ruc 269.0 0.0 2147.7 1.;1 ****** 
PAL 314.0 0.0 ~61f."O 1.9 ****** 
r"lf .318.0 0.0 26~4.1 1./, ****** 
BIJU 321.0 0.0 2MJ(,.9 0,(, ****** I;:IV 321.0 0.0 ;'1.'?4.(, o.~ :t.t:***,-!., 
OV[ 32:1.0 0.0 ~7?0.r. 1 .~ ****** 
PAS 326.0 60r..O ?7/,1 •• '; "',.7 *'tt.:**:t 
CHA 332.0 1,77.0 '}B:r~.{. :;./, ;t::-;t:tt;~ 

CHN 3:13. () D.O :··n~;1. :1 0.1 ***:t:t* 
.3 I TfRAClONEr., 

ETlfTNTRO PROF. IIORr, m~TI:ru 

16.25 ""90.?6 I " 1.1 

[l.lf'Sf DE CONrTAN1A 
2.'!:13 :'.HI t',t1 

ANGUl.O DEL EJ[ MAY()/~"- ( ...... iFl IH:Anw; 

o OBGERVAClfJNFS n] MINADA:"; 

X I · .. cUADRAnO'::; .3.0 

NO. ANNO QMfS IrIA 
lB. 1954. 4. 7. 

ESTAClONES f"OR n.lMINAR: 
PROFUNI'IInAU FI.JA=? <rrrrAIIl r=l Trrra-~ • d," ""tJl finAl): 1 

EST ARRlBOS nI~H Rr"'~Yrrurl;: 

p S F-
aAX 14.0 0.0 7n.~ ·0.0 ****** pur 31.0 0.0 193.C:" n.;' ****** VER 36.0 0.0 226.? 0.:" ****** TAC 44.0 0.0 ,}flA.{) 0.(, ****** 

4 ITERAClONES 

ErICENTRO PFwr. HnrM ORyr,rN 

17.40 "" 97.32, 1 R 5 1~ 47.l. 
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NO. ANNO IJMES DIA 
20. 1954. 5. ~')8. 

ESTACIONES POR ELIHINAR: 
1:O"·OFI.lNDIDAD FI.JA:? (DE'FAlJLT=llflRr; ·,(j"::"t1L.QFlAL>! 1 

EST ARRIBOS DIST RFSIOIlns 

p s 
TAC 21.0 38.0 117.9 o.? O.R 
PUE 25.0 45.0 1·M.? ··O.f, ··0.1. 
(lAX 46.0 BlI.O 315.2 --t.O "0" 

3 ITERACIONES 

EPICfNTRO PRor. Hor~A rJRrnrN 

18.35 99.36 I " .)?r.' 

ELIPSE lIE CONFIANIA 
16.61 13.56 KM 

ANGULO DEL EJF HAYOF<"" " 7~. 45 ORAnnn 

o OBSERVACIONES fLIHINAftArl 

NO. ANNO DMFS IlIA 
21. 1958. B. 19. 

r;:STAcrONES pon ELIMINAf<= 1 

CVALES [STAr.ION[S:4 
PROFUNDIDAD rr.JA'·'j> (DrTfiUl T:l lImn· ,r,"""BI.nnt,1 )! 1 

EST ARRIBon nlc.T rWf:TflIlnr: 

" TAC :?S.O 50.0 1al.!"; ·-O.;<!: O. ,', 

VER 25.0 47.0 1 7:"i. ~~ 0.7 O.t, 

OAX 26.0 54.0 lQO.:? 1.1 1.1 

3 ITERACIONES 

ErIC[NTRO PROr. HnRA mnGrN 

18.59 -97.67 I R I 4" t~· ~j 

NO. ANNO flME"S 
22. 1959. 4. 

DJA 
6. 

E!HACIONES POR ElIMINAR:l 

CUAtES ESTACIONE!::i'::O; 
PROFUNDIDAD FIJA=? (DfFAUl T=--L IFlf.:F; • ~G·=Gt OFlAI.): , 

EST ARRIBOS [lInT 

PUE 7.0 12.0 ~O.? 
TAC 26.0 45.0 .t~h.1 
VER 33.0 56.0 lRA.:1 
OAX 43.0 75.0 764.7 

5 ITERACIONES 

[PICENTRO PROF. 

19.14 97.91. I R 

EL If'Sf Dr CONFI AN?A 
10.4? 9 • .11 KH 

ANGULO on LIE. MAYOR:;:: 

o OBSERVACIONrS Fl.IMINADAS 

XI ··CUADRADO.:: 0.5 

NO. ANNO QM[S 
25. 1961. 1:.:.~. 

fltA ,. 
ESTACIONfS par.: n.IMrNAR::~ 

CUAL[S fSTACIONH;:1~5'/) 

f~F'·:TmH1,) 

1.0 1.1 
0.1, 1 • (~ 
0.1 1 .~; 
0.7 0.9 

Hnr;'r"\ nr::[nrN 

, :-'~ ".,~ ,'-; 

F'ROFUNDIDAD f"IJA=? (II~TA!H T·: l Inr~r; •• n" :fJl /lIltli )! 1 

EST ARRIBO!] nrrn ~~-!·;Tr:l!n" 

p p 
plJE 35.0 0.0 190. "? 0.1 ****** IAC 44.0 77.() 7,',"7. ~'j -0_4 (). ~ 

tJAX 58.0 0.0 40!jl.9 -0.0 *:U1:** 
5 ITERACIONES 

EF'ICENTRO f"'Ror. IIORti OR.rr:rN 

20.64 -·97.60 t r, It 17 ·W.1 
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NO. ANNO OHES 
:!6. 1963. 6. 

DIA 
4. 

ESTACIONES pOR ELIHINAR:O 
Pf(OFUNDIDAD FIJA=? <flEFAULT=LIElRE; ·,G·=GLOBAL>: 10 

EST ARRIBOS DIST RESID(lOS 

P S P S 
VER 2:?0 36.0 122.7 0.4 -2.4 
(lAX 26.0 42.0 149.4 0.9 --2.7 
TAt.: 52.0 0.0 374.8 1. <~ ****** 

24 I TERAC IONES 

[PIC[NIRO PROF. HORA ORIGEN 

18.10 -95.92 10 R 20 2B 45.9 

ELIf'SE [IE CONFIANZA 
35.60 ~3.B2 I\M 

ANGULO nE.L rJE.: MAYOR:: -88.49 GRADOS 

o OllSERVACION[S n.IHINADAS 

X I ·CUADRADO·c- 1 .:,"l 

~HJ. (I~JNIJ UM!~; !Iff, 
1/,. 1 ','/, '!. 

CII(,I [:; r:: 1 r.c rom ~;: 1. /,.1 t 

1":",1 nra.: [Jill:: ! I r ': ~ r:1 ,; I II r ~, I ,.; 

f' 
r{'d- 14.0 /','.0 " " 

, 
" 

flAX ~d, 0 'l1 .n .~ 1 'i.!l (). q " n 

NC!·; 1 ,.~:'. 0 c':'.' ,(, 9·,'1 .n 0, '.' ****** 
I"\ltJ :'.Hi.O n,n r ~ : /,: ,. 1 1 .11 :t::*t*J::;t: 
frO :),I)~J. 0 0.0 '·'0','·,',0 () 1 ,Ut*i:* 
nCfI :'1"111.0 (l.0 ') .~,.".' • 1 I 1 ,I':k**** 
HlA :1C;)~J. 0 0.0 :·'4:';· ... 'l. < ****** 
twn ,H)~:,. 0 n.n :':·,1:,.<" 1- " *-:-:U:U 

rTf h:(\I:Iom S 

[f'lCl"NHm r-WIF. ~Int ',".) nr'rrWN 

:'0. ~-,4 ,,' 6 • ~,1 1 " :~ .~ ,n 1.n 

H If'!;r [If rcmrTflNlr. 
4. 6:1 :~.?'~ Kt1 

I'lNGlJl.O [In f..Jf MflYtlF<·-

x t cur.nRAIH.J: 

NO. ANNO aHES 
29. 1965. 2. 

DIA 
3. 

ESTACIONES POR £l.IHINARIS 

CUALES ESTACIONES:1 ,3_4, 10, 13 
PROr--UNDIDAD FIJA='1' (DEFAULT=L.TDRE; ·,O·=GLOBAL.)! 1 

EST ARRIBOS DIST 

S 
VER 21.0 47.0 ?3~.0 

LUFI 218.0 0.0 186::' .. 9 
W:(C 222.0 0.0 1933.0 
TUl. 239.0 0.0 ?01l3.6 
Aft 2~1.0 0.0 219~.0 

ALB 246.0 0.0 ~1bO.B 

COM 262.0 0.0 23:?4. :~ 
raN ::63.0 0.0 2349.1 

PUG 320.0 0.0 ?9~j:'.0 

CUR 331.0 0.0 :1059.0 

3 ITEfMCIONE9 

EPIC[NTRO r-rmr. 

10.72 97.52 1 • 
ELlfSF. [IE CONFIAN7A 

4.95 :J.15 KM 
ANGUI. 0 DEL [.JE MA Y(JRo"" 

o ODSF.RVAClONffi El TMINtlTlA!.l 

ND. ANNO UMfn 
:~9. 196{,. 5. 

lilA 
1 ~I. 

CUAl.ES [STACIONr5: n. '} 

RFST[lI/OS 

P 
1.9 0.9 
:;'.4 ****** -·1.1. ****** .1.0 ****** ·1.0 ****** ?4 ****** -O.b ****** 1.b ****** 0.1 ****** ?4 *****:t 

HflRA rmn:WN 

21 ::':=i .-n:.1 

F'ROFiJNllIDAO r'-I..JA·"";> C[lFFAULT"'"L. IFlRf; • ,n· ···m Ofl,~1 ): 1 

EST ARRIBOS nIST RrnTDI/Or> 

f' f' 
VIS 16.0 0.0 BB.B o.~ ****** DAX 17.0 0.0 103.9 ··1.0 ****** .JUA 34.0 52.0 188.9 :1.? ~.4 
WIC 734.0 0.0 1A78.t --o .. !"i ****** CUM ;",73.0 0.0 ~!:?3:? .1 0.1 ****** roN 283.0 0.0 7:144.:1 1.6 ****** IHN 327.0 0.0 ?791.4 ~.1. 9 ****** 

3 ITERAC.TONE"S 

Ef'ICfNTRO rRor. HIJRA nRInF.'N 

17.79 -96.14 10 4? ?t.:~ 

ELlf'nr tiE CONrIANZA 
4615:?9.69 227208.28 KM 
ANGULO DEL LIE HAYl1r~:: - 0 .00 GRADOS 

o OBSERVACIONEfl fLIMINADAS 

X 1- ·CUADRADO= 
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NO. ANNO QMES DIA 
30. 1966. 11. 28. 

ESTACIONES POR EUMINAR:7 

CUALES ESTACIONES: 1 ,4,!".i,7,9, 12, 14 
PROFUNDIDAD rr.JA=? (DEFAULT=LtBRf:'; • ,G"=GlOBAL): 1 

EST ARRIBOS DIST 

VIS 24.0 0.0 125.2 
!lAX 26.0 45.0 140.6 
AHU 108.0 0.0 824.9 
WIC 234.0 0.0 1847.6 
AlB 263.0 0.0 ?117.~ 

ruc 266.0 0.0 2142.' 
TON 284.0 0.0 ?3?9.5 
CHN ~29.0 0.0 2873.9 

3 ITERACIONE"n 

FF'IC[NTRO PROF. 

18.21} ··-96.05 1 R 

ELIF'SE DE CONFIANZA 
4.b4 ~.87 KM 

ANGULO DEl. [ Jr MAYOR= -1,4.41 

o OBSERVACIONFS n IMTNAOAS 

NO.. ANNO GMFB 
31. 1967. ? 

[ItA 
1. 

CSTAr.HJN[S f'or~ fLIMtNAfd? 

CUALES FBTACIONF~;:?,fJ 

RE!1Tnl/OS 

p 

O.A ****** 0.1 --O.? 
-0.3 ****** 1.0 *lk**** 
0.1 ****** 0.5 ****** 1.8 ****** -1."" ****** 

HORA ORTGEN 

70 10 4~.:'i 

GRAnOS 

F'ROrUNDIDAD FLJt:l='j> (DEFAIJl T=L TflRE; ., G" -.::GL ORAl): to 

EST ARRt~OS 

P 
VIS 30.0 
WIC 2:30.0 
ALB 262.0 
TUC 266.0 
UIN 322.0 

0.0 
0.0 
0.0 
0.0 
0.0 

4 ITERACIONES 

EPICENTRO 

18.56 -95.95 

ELIF'SE DF CONFIANZA 
3910B~.2:' 257753.02 KM 
ANGULO DU .. E" JE MAYOR= 

[lIST 

173.7 
1808.7 
2090.0 
2126.2 
2741.5 

PROF. 

10 R 

r~ES T rir inS 

-0.7 
0.3. 
0.8 
0.9 
1.A 

****** ****** ****** ****** ****** 

HORA ORtGFN 

14 

-0.00 GRADOS 

o OBSERVACIONES ELIMINADAS 

XI ·-CUADRADO= 1.0 

NO. ANNO aMES DIA 
32. 1967. 3. 11. 

ESTACIONES POR ELIMINAR:4 

CUALES ESTACIONES:2,3,14,15 
PROFUNDIDAD FIJA=7 (DEFAULT=LIBRE; ',O"=GLOBAL): 1 

EST ARRIBOS DIST RE"STDIJOS 

S P S 
VER 6.0 0.0 35.1 -2.4 ****** lAC 47.0 87.0 357.5 -2.~ 0.1 
GOM 67.0 123.0 503.2 -0.7 3 •. 1 
LEO 89.0 0.0 650.6 7.7 *****:a MER 89.0 0.0 675.3 -0.4 ****** GUA 105.0 0.0 806.1 -0.7 ****** AHU 114.0 0.0 857.:=i \.9 ****** LAP 113.0 0.0 887.3 -7.8 ****** MAN 119.0 0.0 897.~ 1.9 ****** BAN 1~0.0 0.0 927.9 -0.9 ****** MAl 155.0 0.0 1188.3 2.0 ****** 

10 ITERACIONE"S 

EPICENTRO PROF. HORA nRTGEN 

19.03 -95.92 1 r, 14 4:=; 7.1 

ELIPSE DE CONf-IANZA 
2.83 2.79 KM 

ANGULO DEl. r.JE MAYOr~= 38.~n GRADOS 

0 OBSERVACIONEs rL_tMINADM; 

XI -CUADRADO"'· ~.6 

NO. ANNO OMEr.; lilA 
33. 1960. 3. 74. 

ESTACIONE"S PDR n IMINAR:4 

CUALfS fSTACIONfS: 1 ,:"l.A,:=; 
rROrUNflIDAD FIJA=? (OfFAUL.T-'L.TFlRF; ".O"=GI nnAI): 1 

E"f.lT AFmIBOS fIlST Rr(~Jntlns 

JUA 26.0 45.0 1b9.o -·0.1> ··4.3 
OAX 30.0 49.0 1B4.7 1.S --~.b 

r"MM 36.0 !=.i9.0 ?04.1 S.O 7.0 
MEX 57.0 10~10 43:'.3 1.7 7.7 
TAC 59.0 106(0 43/',.1, 3.1 4.7 
WIC 232.0 0.0 tB8:::'.0 -1 .~ ****** TUl 244.0 0.0 198b.~ -1.0 ****** FAY 249.0 0.0 2009.0 1.4 ****** ALB 262.0 0.0 2177.9 -3.1) ****** CUM 763.0 0.0 :>171,,6 -?!"i ****** TUe 2115.0 0.0 2217.7 -4.7 ****** 

ITEF<ACIONFS 

EPICENTRIJ PROF. HORA ORIGEN 

18.05 -95.3-3 1 R 2 51 ~8.6 

ELIPSE DE CONFIANZA 
4.42 4.40 KM 

ANGULO DEL EJE MAYOR= '·-·48.38 GRADOR 

o OBSERVACIONES ELIMINADAR 

X I -CUADRADO= 7.9 
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NO. ANNO aHES 
34. !970. 5. 

DIA 
5. 

ESTACIONES POR ELIHINAR:S 

CUALES ESTACIONES:7, 9, 12, 13, 15 
PROFUNDIDAD FIJA=~ <OEFAULT=LIBRE; ·,G·=GLOBAL): 33 

EST ARRI90S DIST RESIDUOS 

P S P S 
VIS 21.0 0.0 176.0 -1.9 ****** JUA 25.0 43.0 178.4 1.8 -0.9 
POP 45.0 0.0 362.8 -0.9 ****** TEP 52.0 0.0 405.2 0.8 ****** HEX 54.0 0.0 428.1 -0.0 ****** TAC 55.0 0.0 431.8 0.5 ****** OXT 61.9 0.0 477.7 0.8 ****** TUL 245.0 435.0 1979.0 -0.4 ****** FAL 249.0 0.0 2005.0 0.7 ****** CUH 265.0 0.0 2169.8 -1.1 ****** 

3 ITERAC JONES 

EPICENTRO PROF. HORA QRIGEN 

18.14 -95.31 33 R 18 22 21.6 

ElIf-'SE DE CONFIANZA 
3.62 3.45 KH 

ANGULO DEL EJE MAYOr.:"" 63.53 GRADOS 

o OBSERVACIONES ELIHINADAS 

X I -CUADRADO::: 1.1 

Nn. (,IINO DMF":: nU-l 
J~i. 1';'.10. 11. 1--

r:IH,[ E:; [~;TAr'I(lm !.;::.,~/) 

,"'ROI IltJtltDf"IIl r [,J() -'~ (!HTt'lII[ T I H:r;-r; .r:r flT:,~,1 )! ." 

E"Bl AkFUfln!; rtT!":r r.:r t:rntIIF; 

I)U.: :"~f. 0 41.0 t~,H.fl 1 . " .n 
COM ,1,:'.0 107.0 1~;:-;. ;., 1 ., 1 .-' 
rn' (,:.~ • 0 n.n ~.',:, . (, 0.0 ****;:.:* 
fAC b~"j. () 111.0 4/4. ? 1.1;' L' 
nil :'):)'7.0 3:V"!.O 1f!1 :l.:1 0.7 ****;;'::1: 
r(\y :' . ~ :.' .0 0.0 1 n:~:~.:~ ,0. t ****** ."HI :, :~:.~ • 0 0.0 1 n4/, .:'~ '0.1, ****** 
t:tlM :~4B. () 4.B.O 1 '?f:7.0 1 ./, ****** ('I IIi :)/,(}.O 0.0 :'O~:;(l • 1 . ~ ;(.:U:U:* 
OM. ~/~1. 0 4~"jf>. () :'0:7. ;) 1 .~ ****:l-:I 
IIJI"' :1/1/.0 0.0 :) 1.~ / • 1 1.1 ****** no :'l)H.O 0.0 :'170,0 1.4 ****:I::f: 
MAN :)}o.O 0.0 :·'10:'.7 o. ,., ****** 

ITFFMCInNr~) 

1 r'Ir.rN1RfJ f'rmr. HIlfM nprr;nJ 

1 (} • (,~) 94.n, ~n r, " :'q ~';q. f) 

[I IP~:;E liE" cnN~ I (.IN/A 
t O!~n:~:;. :.)9 ('~Jn()4 .:"1 KM 
(')NOlJl 0 [Ill. r.1t MAynE:'"' ':'0.00 nr,:(.Inn~~ 

XI '''CIJA[IRAHO':: t.7 

NO. ANNO aHES 
36. 1970. 11. 

DIA 
6. 

ESTACIONES POR ELIMINAR:6 

CUAlES ESTACIONES:l,5,7.14.15 
PRDFUNDIDAD FIJA=1 (DEFAULT=LIBRE; • ,(P=GL OFAt.): 1 

EST ARRIBas DIST REsrnuos 

F' P S 
COM 61.0 106.0 447.0 0.5 -0.9 
rEP 62.0 0.0 4M.7 -0.9 ****** TAC 65.0 0.0 47,',.8 O.B ****** .JUN 169.0 0.0 1322.7 -0.:1 ****** FAY 231.0 0.0 1843.1 -t.1 ****** ATL 233.0 0.0 18:=i~. 7 -0.1 ****** OAK 260.0 45~.O 20B4.7 1.0 ****** ruc 266.0 0.0 2146.0 O.!') ****** FLO 269.0 0.0 2179.7 "'0.0 ****** 

ITERACIONES 

EPICENTRO PROF. HORA ORTGFN 

19.68 -94.67 1 R 11., ?:; :1.9 

ELIF'SE DE CONFIANZA 
7.04 4.64 KM 

ANGULO DEl LIE MAYOR= -j .45 GRAnOS 

0 DBSERVACIONES rI.IMINADAS 

XI·-CUADRADO= 0.5 

NO. ANNO rmrs or A 
37. 197~{. t. 31. 

ESTACION[S PDR [l. IMINAR:::-

CUALES EST AC! ONES: 10, 1:-' 
PROFllNDIIIAD FLJA=~" (nFTAl.Il T.::l. TnRr; • ,n"::::GI OHAf.): 1 

EST ARRIHOS DIST RFSTfIIlnn 

" s 
LAP 1:~5.0 o.() 949.:=! 1.:1 ****** TUL 246.0 0.0 17:"<1.9 1.:·' ****** FAY 250.0 0.0 1991.!,,! 0.0 ****** rH_B 258.0 nn.o 2064.7 o.n ****** ruc 2::'j8.0 0.0 7074.0 -o.~ ****** CUM 272.0 0.0 ??20.9 '1.7 ****** I~Ol 274.0 0.0 ?~?f:I.() ·-o.~ ****** OAK 282.0 o.n :·~:117 .4 O.A ****** GLA 291.0 0.0 2417.1 LA ****** LEE 312.0 0.0 :;)63~.~ 0.1 ****** DUG 330.0 0.0 ?858.A .. t.4 ****** nm 339.0 0.0 7972.4 -1.7 ****** MED 341.0 0.0 2992.:=i -l.,""li ****** 

ITEr<f.lCIONES 

EPICENTRO PROF. HORA ORIOfN 

18.16 --96.95 1 R 17 37 ::'7.':1 

ELIF'SE DE CONFIANZA 
57954.14 38127.11 KM 

ANGULO nEL LIF MAYOR= ·'90,00 GRADOS 

0 OBSERVACIONES ELIM.TNADAS 

X I -CUADRADO= 1.4 
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NO. ANNO aHES DIA 
38. 1913. B. 28. 

ESTACIONES POR ELIHINAR,2 

CUALES ESTACIONES!1,7 
PROFIJNDIDAD FIJA=? (DfFAULT=llflRF' ·,O-=Gt09AL.): 1 

EST ARRIBOS DIST RFRTOIIOS 

P S P 
HEX 43.0 0.0 290.7 1.0 ****** TAC 44.0 66.0 ?95.1 1.4 -11.4 
GUA 100.0 177.0 749.1 4.5 ****** LAP 114.0 0.0 913.1 -1.9 ****** SAN 170.0 213.0 945.8 0.0 ****** HOC 163.0 0.0 1286.2 1.1 ****** .JUN 176.0 0.0 .1381.2 2.5 ****** fUI.. 241.0 440.0 1946.7 0.1 ****** FAY 244.0 0.0 19A7.:"i -0.9 ****** mc 257.0 4M.O ?090.0 -0.5 ****** CIJH 265.0 480.0 2199.3 -3.1 ****** fRI 271.0 0.0 7?~4. 0 -0.7 ****** TON 276.0 0.0 22~~.~ 7.9 ****** 

:1 ITERAr.l0NfS 

EPICfNTRfI PROF. HORA nRtGFN 

18.39 -96. c)5 1 R 9 :"i0 17.9 

ELIP!3F Df: CONF-YAN7A 
4.09 1. :~A KM 

ANGULO fin LJf HAYOR~ -15.09 GRAnoS 

0 QflSfRVAC lONE'S n IMINADAS 

XI -CUADRADO:::: 4.? 

NO. ANNO QMF"S 1.lI A 
39. 1(")74. 7. 2~. 

ESTACIONES POR fl IMINAR:O 
PROFIJNDIDAfi FT,IA=? (nff"'AIIl T=I.TRRr: •• O·-::(J) DBAI ): 1 

Ef,T AFmIIlOS nT~n RFS rftlln'~ 

P 
M[X 41.0 78.n :10Q.7 ··7.0 1.:-' 
TAC 44.0 lA.a 3.17.0 0.7 1.n 
.JUA 47.0 0.0 327.:=i 1.0 ****** OXT ·1B.O 0.0 :l1!3.0 7.:"i ****** COM 67.0 0.0 ~49.1 "/.0 ****** WIT 22A.O 0.0 H141.~ 0 •• ****** TiJL 727.0 0.0 1R40.A ·o.c, ****** GRA 246.0 0.0 199~.O 1.1 ****** ALB ::;'47.0 0.0 :?O()4.7 1.0 ****** IWM 250.0 0.0 ?03:1. ~~ O.B ****** ORE: 252.0 0.0 2040.0 1.:1 ****** Tue 25.1.() 0.0 ;"1046. ? 0.5 ****** DON 253.0 0.0 7074.8 -0.6 ****** ELC 257.0 0.0 7109.4 -0.4 ****** TYS 264.0 0.0 Z.199.0 -2.B ****** 

ITEr~ACIONES 

EPICENTRO PROF. HORA QRIGFN 

19.34 '-96.34 1 R 9 53 35.6 

ELIPSE DE CONFIANZA 
28743.89 22532.44 KM 

ANGULO DEL EJE MAYOR= -90.00 GRADOS 

0 OBSERVACIONES ELIHINADAS 

XI·· CUADRADO= 2.1 

NO. ANNO OMES 
40. 1975. 7. 

DIA 
1. 

ESTACIONES paR f..lIHINAR:2 

CUALES ESTACIONES:S,6 
F'ROFUNDIDAD FIJA='i' (DEf"'AUl T=LIF.lRfj • ,rp=G! OBAI ): 1 

EST ARRIBOS [lIST RFflIDlmR 

P S P 

COM 37.0 0.0 336.8 0.1 ****** TAC 56.0 0.0 4BR.S -0.1 ****** TUL 247.0 0.0 2036.0 7.A ****** FAV 244.0 0.0 2059.7 -7.n ****** 
3 ITERACIONES 

EPICENTRO PROF. HnRA ORtGF"N 

18.07 -95.:=;1 1. R 1 :=;1 40.3 

ELIF'S[ DE CONFIANZA 
24.19 20.39 KM 

ANGULO DEl E..IF MAYOR= -1.AO GRAnOS 

o OBSERVACIONES F:LIMtNAnAS 

XI-·CUADRA[lO:::. 3.9 

NO. ANNO aMES OIA 
41. 1977. 12. ?II. 

rsTACIONE!:: r'OR ELIMtNAR:;o 

CUALfS ESTACIONES:l ,5 
F'r~OrllNDlnAD FIJA='i' CnrFAIJl T=l..trJRr; - ,11-·:::(11 nEAL): 1 

UjI ArmIBOS DHiT f~FSTnlJnG 

p 

MEX' 311.0 0.0 :-'34.8 1.1 ****** OXT 41.0 69.0 :)77.7 0.9 - 4.' 
COM 77.0 13S.0 ~93.8 1..4 ****** HOC 166.0 0.0 1372.7 --0.0 ****** OOL 208.0 0.0 1113'5.3 3.7 ****** ESC 210.0 0.0 1695.0 -1.:"i ****** LUB 220.0 0.0 1773.4 -0.7 ****** FAV 246.0 0.0 2021.7 -7.9 ****** ALB 254.0 0.0 2071.7 -0.4 ****** ELC 272.0 0.0 2771.4 --7.0 ****** FRE 276.0 0.0 2305.7 ·0.6 ****** GLA 287.0. 0.0 2404.1 2.1 ****** Gal 296.0 0.0 2515.1 0.11 ****** 

2 ITERACIONES 

EPICENTRO PROF. HORA ORTflFN 

18.12 -97.35 1 R 7 27 45.6 

ELIPSE DE CONFIANZA 
14741.55 12422.50 KH 

ANGULO DEL EJE HAYOR= -90.00 GRAD OS 

0 OBSERVACIONES ELIHINADAS 

XI-CUADRADO= 3.0 
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