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PRELIMINARY INTERPRETAT I ON 

DETAILED GRAVITY SURVEY, ZUNIL I AREA 

Introduction 

The UURI study of the 1989 Zunil I detailed gravity data has 
included several elements including rview of INDE Bouguer (3ravity 
maps and principal facts, measurement of densities, computation 
of the Bouguer Gravity anomaly for densities of 2.20 and 2.30 
g/cc, contouring, qualitative interpretation, and numerical 
modeling. A brief review of the results to date follows. 

Density Studies for Bouguer Gravity Data Reduction 

Density determinations were completed for Zunil I drill core 
available at UURI. Saturated densities for seven volcanic rock 
core samples from drill holes Z-2, Z-11, and ZCQ-2 averaged 2.25 
g/cc. The saturated density for a granodiorite (altered) core 
sample from ZCQ-4 was found to be 2.58 g/cc. These few density 
values a r e in good agreement with density values reported by 
Cordon (1989) in a more extensive density study of core samples 
from well Z-11. 

Also in support of the density study, Bouguer anomaly 
profiles were calculated for lines 2, 3, 7, and S using eight 
density values ranging from i". 7 to 2.67 g/cc. These profiles 
were compared to elevation along the profiles following the 
density determination method of Nettleton. These profiles 
suggest that densities of 2.1 and 2.2 g/cc result in Bouguer 
gravity profiles which have the least correlation with 
topography, and a r e therefore most appropriate for the densities 
used in Bouguer and topographic corrections. The Nettleton 
method is somewhat limited because of three-dimensional effects 
near the profiles and by subsurface density variations. Regional 
Bouguer gravity maps for densities of 2.00, 2.50, and 2 . 67 g/cc 
were also correlated with topography. The 2.00 and .2.50 density 
maps showed much less correlation with topography than the 2.67 
density map. We conclude, on the basis of this evidence, density 
measurements, and experience in other volcanic areas, that 
densities of 2.20 and 2.30 g/cc a re most appropriate for Bouguer 
and topographic corrections for depths to 1000 m in the Zunil I 
a r e a . A density of 2.0 to 2.1 may be most appropriate for depths 
of 0 to 300 m. 

Bouguer Map Preparation 

UURI contoured Bouguer Gravity maps reduced at densities of 
2.00 and 2.67 g/cc which were telefaxed to UURI from CyM/MKE. 
Contouring the maps at 0.5 milligals (mg) allowed identification 
of questionable data values and provided one indication of the 
noise level of the data. Review of principal facts provided by 
INDE reveals numerous topographic corrections exceding 12 mg, and 
a maximum topographic correction of 15.8 mg for a density of 2.67 



g/cc. This corresponds to a maximum correction of 11.8 mg for a 
density of 2.0 g/cc and 13.6 g/cc for a density of 2.30 g/cc. 
The difference in terrain corrections excedes 3.0 mg (at p=2.30 
g/cc) for adjacent stations at several locations. An error of 10 
to 30 percent is common in estimating terrain corrections for 
cases of severe topography, suggesting a possible error level of 
1.4 to 4.1 mg from inaccuracies in terrain corrections alone. 
The contoured data suggest an error level somewhat less than 
this, perhaps indicating a diligent effort in terrain corrections 
by INDE. 

UURI determined Bouguer corrections and topographic 
corrections for all stations for densities of 2.20 and 2.30 g/cc, 
plotted Bouguer anomaly maps, and contoured these maps at 0.5 mg. 

Qualitative Interpretation 

Bouguer anomaly maps for densities of 2.00, 2.20, and 2.30 
g/cc were superimposd over topographic maps at a scale of 
1:10,000 and evaluated for topographic correlation. All three 
maps showed less correlation with topography than the 2.67 g/cc 
Bouguer Anomaly map, with 'the 2.00 and 2.20 g/cc maps showing the 
least correlation. 

Geologic structures were interpreted from the steep gradient 
areas of all three maps. These gradients are thought to arise 
from subsurface density contrasts along linear features, most 
probably faults. The high frequency content (i.e. steep gradient 
and short extent normal to the trend) of most gradients suggest 
many of the density contrasts occur within 500 m of the surface 
(and hence above the granodiorite) or result from: a) other near 
surface density variations, or b) inaccuracies in the data 
collection and/or reduction. 

Structures interpreted from the data a re compared for the 
three Bouguer anomaly maps and summarized on Plate I. The 
agreeement of structures qualitatively interpreted is rather 
good. A structure which trends northwest near ZCQ-6 is the most 
consistantly interpreted structure, and is most likely to extend 
to considerable depth. Several northeast-trending structures are 
also indicated on multiple maps. The agreement is best for 
structures interpreted form the 2.20 and 2.30 g/cc maps. A 
direction of fault movement is suggested for several faults, 
assuming that the density contrast results from movement on top 
of the more dense granodiorite. This sense may disagree with 
fault directions observed at the surface in volcnic rocks. 

Quantitative Interpretation 

Inspection of regional Bouguer Gravity maps (at p = 2.00, 
2.50, and 2.67 g/cc), and the new detailed data indicate the 
presence of strong regional gradients in the Zunil I a r e a . The 
most important northwest-trending gradient on the 2.67 g/cc map 
is due to the incorrect density reduction. All maps indicate a 



complex regional gradient with a strong northeast component of 
-15 mg/3 km (~5mg/km) to the northeast. A simple linear gradient 
of -5mg/km to N 45 E was judged to be the most certain and least 
biased regional gradient in the Zunil I a r e a , and this regional 
gradient was then removed from the 2.30 g/cc detailed survey 
data. This resulted in a Residual Gravity Anomaly map, Plate II. 

The residual gravity anomaly map has been interpreted 
qualitatively to identify probable structures, and these a re 
compared to structures interpreted earlier. The residual map 
shows a weak 2 mg positive anomaly which trends N 60 E adjacent 
to a similar low, suggesting a horst-graben geometry. Northwest 
trending structures including one near ZCQ-6 can also be 
inferred. 

Numerical Modeling 

Numerical modeling of the residual gravity map is now in 
progress. Most portions of the map show three-dimensional 
anomaly patterns rather than two-dimensional anomalies. This is 
especially true in the main a rea of intrest, near wells ZCQ- 3, 
-5, -6. The UURI three-dimensional gravity modeling program GME 
was judged to be most appropriate for modeling these data. 

Results to date indicate that most of the anomaly patterns, 
particularly the higher frequency features, can be attributed to 
density contrasts between the surface and the granodiorite, i.e. 
above depths of 800 m. This does not mean that structures a r e 
not present in the granodiorite, just that the density contrasts 
in the overlying volcanics and closer to the gravity meter, are 
dominant in the gravity data. Preliminary gravity model results 
a re presented here to support these observations. 



DENSITY HEASUREHENTS OF ZUNIL CORE SAHPLES 

Sanpie t Dry weight Suspended weight Saturated weight Vol Density 

(g) (g) (cu. ca) (g/cu. ca) 

167.95 

130.30 

173.05 

175.65 

89.21 

365.00 

119.12 

512.50 

Average: 2.29 

Z-11 89B 

Z-11 476t 

Z-11 165B 

Z-2 SeOa 

Z-ll 590B 

ZCQ-2 103a 

Z-2 624B 

m-A 1015B 

(granodior.) 

(«) 

283.61 

211.00 

305.30 

295.05 

148.50 

610.06 

205.80 

821.00 

297.30 

222.65 

312.60 

308.00 

152.10 

616.50 

218.60 

830.40 

129.35 

92.35 

139.55 

132.35 

62.89 

251.50 

99.48 

317.90 

2.19 

2.28 

2.19 

2.23 

2.36 

2.43 

2.07 

2.58 
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May 25, 1989 

Ing. Luis Felipe Merida I 
Cordon Y Merida, Ings. 
Sa.Avendia 6-94, Zona 9 
Guatemala C. A. 

Dear Luis: 

It was a pleasure to have you here in Salt Lake City. My staff 
enjoyed sharing the results of their work with you. I hope your 
visit with your daughter was also enjoyable. 

During the last several days I have had several discussions with 
Duncan about his geologic work and Ross about the gravity studies. 
Duncan plans to arrive in Guatemala City on Saturday, June 3 with 
his wife Leslie. He will confirm his plans with you on June 2. 
Could you meet them at the airport (it will probably be the 
Continental flight)? The mylars have been made and most of the 
photolinears have been plotted. Duncan has a copy of the 
photolinear map and will bring it with him. I will send a better 
copy to you when it is completed. 

Ross has completed his review of the existing gravity data and has 
written a report on his findings. His report is entitled "Zunil 
Gravity Studies: Review Comments" and was sent to Roy yesterday. 
A copy is enclosed for your review. Even though Ross's conclusions 
are based on poorly documented data, I think they are very 
important with respect to siting new drill holes and to defining 
areas that require additional geologic examination. We need to 
confirm these conclusions with the data from the new surveys. In 
addition, we need to document the corrections that have been made 
to the old data sets that Ross has worked with. In view of the 
potential importance of the gravity data to our project, I think 
it would be very useful to have Ross fly to Guatemala when the new 
survey is completed so that he can begin modelling the data with 
Palma. 

Please get a copy of Ross's report to Palma as soon as you can. 
Tell him the main point of this report is that a density of 2.30 
gm/cc, as measured in Z-11, is much better than the 2.67 gm/cc 
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value used for the Bouguer correction of the gravity data. In the 
report, Ross shows how use of the lower value and the removal of 
regional gradients can lead to an interpretation which seems to be 
in much better agreement with the known geology and would allow for 
a more detailed structural interpretation of the area. 

In doing his work Ross had to pick the data off of page size maps. 
No detailed information on station locations, elevations, and the 
principal facts of the gravity data where available. In his 
experience, accurate position, elevation and terrain corrections 
are difficult to achieve in areas were topographic relief is 
extreme, such as at Zunil. Nevertheless, a high degree of accuracy 
is needed to develop a correct interpretation of the data. 

It is good to learn that topographic corrections are being applied 
to the results of the new detailed gravity survey and that data 
reduction can be done by computer at INDE. Ross suggests that the 
data reduction should be completed for several densities (e.g. 
2.25, 2.30, 2.35, 2.40, 2.45, and 2.67 gm/cc) if this can easily 
be done on the computer. He thinks that 2.30 gm/cc will probably 
be best for the Bouguer ,and terrain corrections. 

We have 2 1/2 and 3-D numerical modelling programs on our main 
computer which could be used to help interpret the gravity data 
that has been generated. In order to interpret the data we will 
need maps at an appropriate scale (including the previous surveys 
for regional information) and the principal facts with an 
indication of what densities were used, what the elevation accuracy 
was and what the terrain corrections were for both inner and outer 
zones. In the long run, it would be better to get 
Ross to Guatemala to study the data with Palma and to agree with 
him on the approach to numerical modeling and a final 
interpretation than to try to copy and send all of the data. 

Final drafts of our geochemical, alteration, and fluid inclusion 
reports should be done very soon as promised. Short reports on the 
resistivity and mercury surveys will also be prepared. Did you get 
any response from INDE on the preliminary reports we gave you? 

Keep me posted on the progress you make with INDE. 

Give my regards to everyone, especially Ana Maria, and thank her 
for the basket of apples. Sue loved them. 

Best regards. 

Joe Moore 



ZUNIL GRAVITY STUDIES 

REVIEW COMMENTS 

Introduction 

Both regional and detailed, .gravity surveys have been 
completed by INDE in the Zunil area. A regional sur^vey extends 
from Quetzaltenango on the north to south of Cerro El Galapago, 
covering approximately 90 sq km, A more detailed survey of 
approximately .30 sq km covers the Zunil I geothermal project 
area. The locations of the gravity survey are not indicated on 
the available maps with the exception of the main 15 sq km area 
of the detailed survey. The principal facts of the gravity dat 
(latitute, longitude, station location, station elevation, 
elevation accuracy,' terrain corrections, etc.) were not availab 
for review. 

le 

A draft report which describes gravity models of the Zunil I 
a r e a (Cordon, 1989) and other information refef" to a Bouguer 
gravity anomaly map computed for a density of 2.67 gm/cc. 
Although this is a commonly used density for igneous, metamorphic 
and sedimentary terrains, it is almost always too high fot^ young 
volcanic provinces. Use of an incorrect density in gravity data 
reduction will lead to false anomalies. U. S. Geolo.gical Survey 
studies on Hawaii (Kinoshita et aL, 1963) and by Woollard (1951) 
on Oahu indicated that a density of 2.30 gm/cc was most 
appropriate even in this province of basaltic lava flows. 
Williams and Finn (1982) concluded the bulk densities of most 
Cascade volcanic edifices fell in the range 2.15 to 2.35 gm/cc in 
their studies of si lie volcanoes of the Cascades. Couch et al. 
(1982) used a Bouguer density of 2.43 for data reduction in their 
study of the Western and High Cascades of Oregon. A density of 
2.45 is often used for the Tertiary volcanics of the Basin and 
Range province in the Western United States. The 2.30 gm/cc 
average density reported by Cordon (1989) for 620 m of volcanic 
rocks in well Z-11 is in good agreement with both the Cascade and 
Hawaii studies. 

A quick correlation between the Zunil gravity maps and the 
topographic maps, using transparent overlays, shows high spatial 
correlations between gravity lows or negative gradients, and 
topographic highs o r positive gradients. This is additional 
confirmation that the 2.67 gm/cc used in the Bouguer gravity 
reduction is too high. 

Basic Gra.vity Formulation 

The successful utilisation of gravity data is quite 
dependent upon good field procedures and the careful application 
of a number of corrections to the observed gravity values. 
Gravity data reduction has been described in detail by Dobrin 
(1960), Telford et al (1976), and numerous others, 
appropriate to review some points here. 

It is 



The value of the earth's gt-avity field, g, at any point on 
the earth's reference spheroid is given by the following formula, 
adopted by the International Association of Geodesy in 1967.: 

g = go ( 1 •+- o( s 1 n^ 0 -̂  ̂  s 1 n"̂  20) (1) 

where .g = equatorial gravity =• 978.0313 .qais at sea level, ^ = 
latitude, and the constants o( and (9 are o( - -̂ -0. 0053204 and A = -
0.0000058 respectively. 

Following the notation of Telford et al (1976) the Bouguer 
gravity g-̂^ is gi'ven by, 

g^ = observed g + (tidal + drift corr.) -i- latitude corr. (2). 
-I- free air corr. + Bou.guer corr. + terrain corr. 

The reduction of observed gravity data to Bouguer gravity 
values, in metric units, is given by 

ĝ , = g<,\)5 -t- dt+<{ -^0.8122 sin '20 mgal/km -s-0.3085 h mgal/m 
-0.04188 h cr mgal/m H- t. c . (3) 

The latitude correction is positive as one approaches the 
equator; h is the elevation of the station above the datum plane 
in mieters; <y is the density of the earth slab between the station 
and the datum plane (often chosen to be 2.67 .gmi/cc). The free-
air correction is positive for stations above the chosen datum 
plane, while the Bouguer correction is negative for stations 
above the datum plane. The terrain correction is always 
positive. 

The Bouguer anomaly is 

G& = -Se - -̂r (4) 

where gris a local reference station value, or gc = 9 from eq.l. 

The density used for data reduction occurs in eq. 3 in the 
Bouguer correction and in the terrain correction. Many computer 
routines for gravity data reduction calculate the Bouguer gravity 
for several densities simultaneously. In areas of high 
topographic relief such as the Zunil area the incorrect choice of 
the density used in the Bouguer and terrain corrections can give 
rise to misleading gravity maps. The variation in the Bouguer 
correction for several different densities and station elevations 
above or below the datum elevation is illustrated in Table 1, 
below. 

^ 



station El 
(m) 
1. 0 

10. 0 
100. 0 
200.0 
400. 0 
600. 0 
800. 0 

1000.0 

Tat 

ev. 

(le 1. Bouguer" 

^^=2.3 

0.0963 
0.9632 
9.6324 

19.2648 
38.5296 
57.7944 
77.0592 
96.3240 

T= 

0. 
1. 

10. 
20. 
41. 
61. 
82. 

102. 

' Corr 

^2. 45 

1026 
0261 
2606 
5212 
0424 
5636 
0848 
6060 

-ection (mgal) 

^=2.55 ^= 

0.1068 0. 
1.0679 1. 

10.6794 11. 
21.3588 22. 
42.7176 44. 
64.0764 67. 
85.4352 89. 

106.7940 111. 

=2. 67 

1118 
1182 
1820 
3639 
7278 
0918 
4557 
8196 

Surface elevations within the area of the detailed gravity 
survey vary_ from less than 2000 m near the Samala River to almost 
3200 m on Cerro Candelaria. From Table 1 we note that the 
difference in the magnitude of the Bouguer corrections for an 
elevation difference of 1000 m and densities of 2.67 and 2.45 
gm/cc is 9.21 mgals. Similarily the difference in Bouguer 
cor^rections for an elevation difference of 400 m and densities 
of 2.67' and 2.30 .gm/cc is 6.20 m.gals. We believe that a • 
substantial portion of the gravity minima occuring over major 
topographically high areas a re due to an improper^, densi ty 
(2.67) in the Bouguer correction. 

Terrain Corrections 

From the data reviewed it is not clear to what degree 
terrain corrections may have been applied. Survey procedure in • 
areas of extreme topographic variation such as Zunil should 
include the estimation of near—station corrections (Hammer zones 
A-D, or 0-170 m) in the field and the application of outer-zone 
terrain corrections by hand or by computer. An example field 
sheet for the determination of near—station terrain corrections 
is included as Figure 1. The quality of older topographic maps 
may have made terrain corrections for outer zones difficult or 
impractical. Terrain corrections for many of the Zunil gravity 
stations could range from 5 to more than 10 mgal, with a high 
probable error. Since terrain corrections a r e always positive, 
incomplete terrain corrections probably contribute to the large 
gravity minima which correlate with major topographic highs. 

Gravity Modeling by M-K. 

Cordon (1989) reports on the results of preliminary gravity 
modeling of the graben area within the detailed survey. Because 
his modeling attempts to match the Bouguer gravity data, which 
has been reduced with an incorrect density, the models are 
dominated by low density bodies northwest of the graben. The 
computed gravity values do not provide a detailed fit to the 
observed gravity data over the granodiorite body, even though 
care has been taken to use drill control on the depth to the 
granodiorite (from ZCQ wells 1-6) and density data for overlying 
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volcanics from well Z-11. 

Cordon (1989) recognized the probable effect of an incorrect 
density in the reduction to the Bouguer gf^avity, but proceeded' 
with the modeling study as requested by the Advisor^y Committee. 
He concludes, correctly, that the graben itself is not 
responsible for the large negative gravity anomaly. 
Nevertheless, attempting to match the observed data, and not 
removing the re.gional gradient due to the low density volcanic 
center, yields mislead in.g r-esults. The presence of a 10 km wide, 
6 km thick intrusion with a density of 2.0 to 2.1 gm/cc, as he 
concludes, is highly unlikely. Documented densities for the 
li.qhtest i.gneous rocks include (Telford et al, 1976): rhyolite 
(2.35-2.70); dacite (2.35-2.8); and obsidian (2.2-2.4). Also, a 
ma.gma body of the srze, depth, and density indicated is unlikely, 
without ongoing, catastrophic eruptive activity. 

Alternative Interpretations 

In view of the foregoing critical evaluation, it is 
appropriate to illustrate what might happen using approximately 
corrected .gravity data and an alternative interpretation method. 
Without exact station locations, elevations, and other principal 
facts for the gravity data, one cannot complete an, accurate 
reduction of the gravity data. Using adjustments to the gravity 
data appropriate to a density of 2.-3 for the Bou.guer correction 
from Table 1, and rou.gh esimates of station location and 
elevation from 1:40,000 scale maps, the gravity data along 
profile A—A' have been adjusted as shown in Figure 2. No 
adjustment for the effect of changing the density in the terrain 
correction could be made because we had no, information on the 
ma.gnitude of the terrain corrections. Both regional and residual 
gravity data along M-K profile A-A' a r e shown. Where the data 
overlap, the detailed gravity profile is 8 to 20 mgal higher than 
the regional gravity indicating reference to a dfferent datum or 
base station, or additional corrections. Both profiles show an 
inverse trend to the plot of station elevation taken from the 
regional scale (1:40,000) topographic map. Profile g^ estimates 
the change in Bouguer gravity for a density of 2.30 above a datum 
of 1800 m. The negative anomaly on the northwest is reduced by 
as much as 17 mgals as compared to the Bouguer gravity for a 
density of 2.67. Complete terrain corrections mi.ght have further 
reduced this minimum. 

Figure 3 illustrates the manual fit of a low frequency curve 
to the adjusted Bouguer gravity data. This curve simulates a 
regional gradient probably due to the low density units 
associated with volcanic centers (Volcan Santa Maria; Cerro 
Candelar^ia) below the 1800 m datum plane, and perhaps to 
incomplete terrain corrections. The residual anomaly results 
when the regional .gradient is removed from the adjusted gravity 
values. Numerical modeling of this profile, at an expanded 
vertical scale, would be appropriate only if accurate station 
locations,, elevations, and other data would justify the 
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additional effort. Data processing such as this would result in 
a more realistic model for the Zunil I area. The approximate 
position of three faults inferred from the steeper gravity 
gi-^adients of this r^esidual anomaly pr^ofile a r e shown. 

Figure 4 illustrates an alternative (interim) interpretation 
of fault locations suggested by the detailed .gravity data. The 
positions of three faults interpreted from the residual anomaly 
of profile A-A' a r e indicated along this profile. While there is 
some agreement with structur~es previously interpreted by INDE, 
the position of some faults is different and additional 
northwest-trending structures a r e indicated. This qualitative 
interpretation assumes that the existing data are sufficiently 
accurate as presented (even with a 2.67 density and existing 
terrain corrections) to support the steep gradients indicated by 
the contour map. No new numerical model in.g has been u.ndertaken 
to support this interpretation, but some of the northwest 
trending structures agree with linear features that have been 
interpf^eted from topographic expression and aerial photos. 

If the interpretaion of three faults just west of ZCG-6 is 
correct, this may indicate a zone of considerable fracturing and 
permeability important to the sitin.g of future production wells. 
The detailed gravity survey now in progress will provide detailed 
data with good elevation and location control suitable for in-
depth numerical model in.g to test this interim interpretation. 

Recommendations 

The granodiorite intersected in Zunil drill holes appears 
to be well expressed in the gravity data, and major structures 
which might indicate areas of hi.gher permeability can be inferred 
from the gravity data. Additional gravity data modeling would be 
warranted if existing survey data have sufficient accuracy 
(observed gravity, station location, station elevation, terrain 
corrections) and the data are reduced using a density of 2.3C) 
.g/cc for the Bouguer correction. If there is concern about the 
level of accuracy of existin.g data, further model in.g should await 
the completion of the new gravity survey. Care should be taken 
to complete near-station terrain corrections in the field, and to 
complete outer zone corrections as well. It may be wise to 
reduce the data using several densities for the Bouguer 
correction, such as 2.30, 2.40, and 2.45 g/cc. 
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Figure^. Location of faults in the Zunil 1 a rea as inferred fr-om 
the detailed gravity survey. This interpretation has 
not been supported Dy numer^ical modeling. 
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DEC a.? '85 14:47 '1 E '-ysa GLiPlTEmLH CITY 

INSTITUTO NACIONAL DE ELECTRlFlCACiON 

GUATEMALA. C. A. 

tosiiA.?tiaiifii 

NUM£RO 0-650^1421-89 
REPERENCtA 

22 de novi -sabre d<s 1,989, 
r ^ • r D C ^ ' - - ' ^ 

Seilor Inge .a i©ro; 
L u i s F e l i p e Mer ida 
C o - D i r e c t o r 
Cord6n y K«§rida I n g s . 
h k - F e i g a s o n Company 
H o r r i s o n - K n u d s s n .Bngineers , Ingi 

1?] iO'i^O-iil 

i h 
% i 

stiaaado Ingeniero Merida: 

Tengo el agrado de dirigirme a usted para d&r respaesta a su 
nota # 3S3 dei 6711/89 sobre los trabajcs reeo:aendadus po'r el 
Panel que consideran extra. Al respecto tenemos los siguien-
tes consntarios en el it-ismo ordain de la nota aeacio.nada. 

GEOFISICA 

n Quera&os i n f o r a a r l e s que l a s i n v e r s i c n e s de l o s s 
l e c t r i o o s v e r t i c a l e s se l a s podaincs p r o p o r c i o n a r 
nos coEiunioue oualsK ds l o s SEV l e s i n t e r e s a n de 
3,1 l i s t g -do que l e r e r a i t i e r a a i o s ssn n o t a 0 - S 5 0 - S 6 5 -
r e s t a n t S i i s,o"c.ividades i s enc ionadas en su n o t a , cor 
a l a i n t e r p r e t a c i o n qae su e s p r e s a t i e n e que r e a l 
1og r a r 1o c a } i z s T T r - i ^ . 

DOrttanuidacies ;, 
e s p a r t e de l o s 
n i c o . 

con jas£ pxeoiB-xoTi i^is p r i n c i p a l : 
•- T ?* ;̂  .-» ••; o Ii ' U r C'' b &.! 

en oii&n 
apuerdo 

respond-

LC 

» : . U i i A l 5 i^ tC [nayor f r a c , U 1 A U J . i l i e ; 

.ce.ac 
Ti *̂ ' ^ * ;̂ w l tr.libs.jo d.̂ s a s t u d i o 

B, Quareaos i^ecordarie qua los dates reduoidos para Bouguer 
de las sKtensiones en direocidri oeste-noroeste de Iss ii-
neas 2, 4 y 6 se los enviamos C:; 

./? 

•^^i^SKs|fc'«j*^,#i?jA6iiiKiS'ii*v''«?f: • • v-/;.;.-; ̂  ,' 
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!MOs GUATEMALA. 
Tsux • MDc - tasMau -

2 / 

I N S m u f o NACIONAI DE ELECTRlFlCACiON 

^ l« v ia %J* Em« 

GUATEMALA, C. A. 
HMitRO 

HE?£«SNCiA 

liQilMA74:C«i4 

fecha. 22/8/99 y aprovechaoos para adjuntarle a la presente 
nota las correooiones topc,grafi-oas de las prolongaciones 
de las llneas lafinoionadas; para las densidades de 2,00, 
2.2, 2.25, 2.3, 2.36, 2.4, 2,45, 2.5, 2.55, 2.6, 2.67 y 
3,00; con estos datos lo demas es part© de la interpreta-
ci6n para lograr los alcances por ustedas propuestos ori— 
ginalo^nte. 

La det3r-,~iins.ci6n del gradi 
.efectc de las rocas mas pr 
pretaci^r: que tuviera que 
que' sa utilisara para inte 
rea dei grid, ya que el mi 
tan pequefla, no vemos porq 
vamente. Con respecto a 1 
marse cono un traba.jo aisl 
tasibxen de la interpretaoi 
efeotuar una resta/CAnoia. 
regional). 

ente regional que'corresjponde al 
ofundas corresponde a la inter-
entregarnos U. Cordon y el aisac 
rpretar las seccionss para si a-
smo no puede variar en un area 
ua tiene que deterainarse nu.-sva" 
a anoiaalia residual no .puede to-
ado o adicional porque es parte 
6n, pues se trata unicasarits de 
residual - Anom. bouguer ~ t.uois.. 

D.- Con relacidn a e.5t<3 panto no encontramos la i-'asdn para quo 
lo inoluya.n ooiao trabajo e^tra, ya que seria falta da res-
ponsabilidad de oualouier 'Jeofisico obviarlo para, obtener "• 
una aeoiaa i.nterpretaaion. ae 
les del modelo namericjo. 

resultados de • " . p - ^ p - j . 

' i . Cabe ffle-noicnar qu-5 o i t r a b a j o de g e o f l s i c a que Qiieda 'per e j e -
o u t a r e s t a ocnt^smplado d^sntro de l o s a l c a n c o s d e l e s t u d i o 
neo teo tun ic .o> po r l o que no a a t c r i s a r e r . o s un s o l e d i a cias 
p a r a d i c h o p r o f e s i o n a l . 

HIDiiOGEOLOGrlA Y KODKLiiCIOli HUMHSICA 

A, La h i d r o ^ e o q u i m i c a y l a i n L & r p r y t a c i d n , i s o t o p i c a obedeoe a 
a l a n t i ce s idad de oociparar y d e t e r m i n a r oon un jlrado de 
c e r t e z a c o n f i a b l e la.'v̂  i n t e r p r e t a o i o r j - s g p r e s e n t a d a s : por su 

II 
/ 3 
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'THE PRgViOUSLY FOuHD STRUCTURES. iHEf>!. WHAT. HR. i-UPRftTT R£QU!i<=D, 

IS 'ANOfH idK WAV )'0 UiOK Ml; THE R e S l s T i V i T V AND G k A V i i i c T R j C DATA IN -

PARALLEL. TO HAv£ A UNi^;jU£ S l . i L U ' I O N , CLEARLY THJS )S WHA! HAKES l ! 

AN-EXTRA v^DKK . PLcT^yh u O N f i R n ;. r i AH k i G H T . J. 1 

ALTHCijftH i s^iXn.U MO:' L i K £ TO R L C h i V h A NUMt ik iCAL ^W-XySb rtfiDi: tiV 

.THIRD PARTi>£; iHhrJ OO THE ! N ! C R P K C ) A i I O N T O C O n P L f c i r ; THE r i u u E L ' i i i G , 

THEOr t l i r iCAt LY 1' . iH P O C S i B i . t , JHO? t o V H E J'i'<iXeOiJKu: O i U t w^^MTC iO 

FOLLOW fO COMPLETfc Q U P K K A f ' a RhOUlRfcnfcNtS. 

C(vMCLuV>/iTN3 

C . i . P l . t ^ ^ ' t ; y y L t < HE 'r.;^0\K i F Wtiwi' ;->HV i H R . i>> !./!<.. 

0., 2.. !-'L£.«SH ]_;-; ' ,fr.. y.-:ij'fi VOUK OHiM iON ABOU'i f l K . OUPPKA'i ' C 00" ; - • 
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THOUGHTS ABOUT ZUNIL I BRAVITY 

The quality of every gravity data set should be care-fully 
reviewed be-fore detailed interpretation such as numerical 
modeling should be completed. 

Our concerns for the Zunil data are increased because: we 
note differences in the regional and detailed survey values and 
contour maps? the density used in Bouguer corrections appears to 
be too large; we know that the terrain is very rugged; it may be 
difficult to get accurate elevations and station locations; 
terrain corrections, both near station and outer zones will be 
quite large- To date we have only reviewed page size map which 
c o v e r areas of 90 sg km and -30 sg km respectively, and station 
locations, elevations, etc. are not known with much confidence. 

The gravity data appear to map important structures and 
should contribute to drill hole siting. 

The amplitude of anomalies related to the structures 
defining the "graben" and probably cutting the granodiorite is 
relatively small, probably less than 10 mgals in most cases. 
Therefore the gravity data throughout the detailed survey should 
be accurate to 1 mgal or better in order to justify quantitative 
analysis and to influence drill siting decisions. 

The existing gravity data could be verified, corrected to a 
different Bouguer density, and replotted for subsequent 
interpretation if the data a r e good enough, if near station 
terrain corrections have been made, and if outer zone terrain 
corrections have been completed. We expect accuracte terrain 
corrections would require a few man weeks of time by engineering 
or geophysical personnel if present terrain corrections a r e not 
accurate. 

Are the existing data available in some conventional format 
for gravity data principal facts? Are the data available on disk 
suitable for input to computer reduction routines? Is a gravity 
data reduction program up and running at IhJDE or M-K? 

UURI has programs for gravity data reduction but these have 
not been used in some time and may require work. Plotting and 
contouring of revised data would probably be done manually. UURI 
would have to do a manual regional gradient removal as we do not 
have programs for this which a r e up and running, and the data a r e 
not in digital form on a uniform .grid. 

UURI programs for 2 1/2 and 3-~D gravity modeling should be 
ready to .go when the data a r e ready for interpretation. 
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SIMBOLOGIA 
AREA CON DEPLAZAMIENTO HACIA ABA-
JO DEL BASAMENTO ASI COMO UN GRA­
BEN. 

-P' SECCION 
i 

— — • PROBABLE FALLA RELACIONADA A FA-
LLAMIENTO EN EL BASAMENTO. PUNTOS 
DENOTAN SOSPECHA. 

® 3 POZO 

INFORMACION BASE' PLANO INDE POR ING. J. PALMA 

INSTITUTO NACIONAL DE ELECTRlFlCACiON 
INDE GUATEMALA C A . 

PROYECTO GEOTERMICO Z U N I L I 

MAPA DE ANOMALIAS 
BOUGUER 

CyM/MKF. FIGURA: 3 . 3 - 9 
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Listing of Principal Facts of Gravity 

Stations in Jordan Valley, Utah 

by 

Laura F. Serpa and Kenneth L. Cook 

April 15, 1980 



Listing of gravity data in Jordan Valley area, Utah 

All of the stations listed on the following, pages have been tied 

to the gravity base station network ih Utah (Cook et al., 1967). 

Because the various surveys were conducted over several years and with 

different instruments, the accuracy of the various surveys will vary. 

Any station that did not appear to be accurate enough to be included in 

the contour map is indicated with an '*' and may represent a bad reading 

or possible error in input to the computer. 

The following is a listing of the station prefixes used in this listing 

and the source of these gravity values. Where possible the estimated 

accuracy is also given. 

Prefix . Taken by Accuracy 

W Cook and Berg, 1961 0.5 mgal 

H 'W. Johnson, 1958 

RR . W. Johnson, 1957-58 . ' 

BL J. Berg & L. Rauser, 1958 

A Novotny, 1957-58 

MB Novotny,-1957-58 • 

Parker-wide spaced, 1979 0.05 mgal 

Parker-tight grid, 1979 0.05 mgal 

D. Mabey . 2.5 mgal 

P 

PG 

MBE 

78 1978 gravity class. University of Utah - 1.0 mgal 

F R. C. Fox,. 1979 ,- 0.05 mgal 



STAT. LATITUDF .LONGITUDE .ELEV. 

7P,Elo 
7P217 
78218 
78O01 
-78 3-02 
7670.'" 
78"04 
783'<')b 
7S3̂ /J6 
78507 
78308 
78209 
78310 
78311 
78312 
78313 
78314 
78315 
"78316 
78317 

78318 
78319 
783 20 
78321 
78322 
76324 

m.mi 
MBE02 
MEE03 
MEE04 
MEE05 
M.BE06 

43 
44 
45 
34 
34 
34 
34 
34 
34 

40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40.34 
40. 34 
40. 34 
40. 34 

a 
. 550 
,270 
, 830 
!350 
.300 
,570 
.330 
I 360 

.34.280 

.34.320 

.34.330 

.34 

.34 

40 
.40 
40 
- 40 
40 
40 
4,0 
40 
40 
40 
40.31 
40.30 
40.30 
40 . 30 

390 
390 
680 
570 
840 
950 
850 

35.280 
34.830 
34,fi30 

34 

111.45.200 
111.47 .•470 
111 .42.620 
111.50.5 80 
111.46.730 
111 .46.260 

.40.74 0 

.41.990 

.43.540 
,44 .510 
, 4-5, 
,45 , 
,47. 

111.47 
111.48 
111.49 
111.50 
111.51.150 
111.52.280 

.53 

35.280 
35.260 
35.260 
35.270 
31.370 
31.560 

.050 

.070 

.610 

.830 

111 
111 
111 
111 
•111 
111 
111 

.480 

.840 
,340 
.650 
.290 
.030 
.000 

111 
111 
111 
111-
111 
111 
111 
112 
112 
112 
112 
112 

PO0 
400 
280 
280 
700 
850 
140 

5.600 
6.950 
7.820 
8.220 
8.390 

54 
54 
55 
56 
59 

.00 

.00 
,00 
.00 
.00 

.00 

.00 

.00 

112.10.0 90 

5213 
5350 
5564 
4787 
5350 
54P0.00 
7704.00 
7200 .00 
6493.00-
605^.00 
5740 
5620 
5270 
5219.00 
5138.0 0 
5011.00 
4804.00 
4725.00 
4520.00 
4367.00 
4466.00 
4368,00 
4357.00 
4364, 
4444 
4626 
5519 
70 57 
7150 .00 
7090 .00 
7401.00 
6990.. 00 

.00 

.00 

.00 
,00 
.00 

MBE07 40..31.450 112. 9.700 6465.00 

OPSERVED 
GHA\riTY 

979737.20 
979729 .13 
97 0714..'̂ >8 
979736 .50 
979693 .24 
Q7pf^7q ,2R 
979 55] . 7 6 
979574.34 
979611.04 
979635.84 
979657.11 
979657.24 
979706.04 
979711.31 
979713 .06 
979724.20 
979736 .16 
979739.80 
979753.39 
979765.36 
979756.33 
979763.70 
979766 .21 
979766.01 
979761.84 
979752.64 
979700.75 
979668.87 
970500.59 
979608.98 
979587.63 
979618 .54 
979648.45 

THEORi 
GRAVITY 

980245 
980246 
980247 
980 252 
980231 
980231 
980 231 
980231 
980231 
9802 31 
980231 
980231 
980231 
980 231 
980231 
980231 
980232 
980232 
980232 
980232 
980232 
980232.13 
980232.80 
980232.77 
980232.77 
980 232.79 
980226.98 
980227.28 
980226.52 
980225.05 
.980225.87 
980226.19 
980227.12 

69 
58 
66 
13 
42 
34 
76 
39 
43 
32 
37 
39 
48 
48 
91 
76 
15 
16 
16 
80 
13 

EREE 
AIR 

-18.15 
-14.23 
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iFigure 2. Identification of a regional gradient along profile: 
A-A', and its removal to form a residual anomaly j 
suitable for numerical modeling. i 
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Figure 1. Comparison of regi-onal Bouguer' gravity, detailed 
Bou.guer gravity, and' surface elevation along profile 
A-A'. Also shown is the estimatedBouguer gravity for 
the detailed survey using a density of 2..30 g/cc. 

Figure 2.- Identification of a regional gradient alon.g profile 
A-A', and its remov-al to form a residual anomaly 
suitable for numerical modeling. 



Figure 1. Comparison of regional Bouguer gravity, detailed 
Bou.guer gravity, and surface elevation alon.g profile 
A-A'. Also shown is the estimatedBouguer gravity for 
the detailed survey' using a density of 2..30'g/cc. 

Figure 2. Identification of a regional gradient along profile 
A-A', and its removal to form a residual anomaly 
suitable for numerical modeling. 

Figure 3. Location of faults in the Zunil 1 area as inferred frcim 
the detailed gravity survey. . This interpretation has 
not been supported by numerical modelin.g. 
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the detailed gravity survey. This interpretation has 
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Figure 1. Comparison of regional Bouguer gravity, detailed 
Bouguer gf^avity, and surface elevation along profile 
A-.A ' . Also, shown is the est iiTiatedBouguer gravity for 
the detailed survey using a den-sity of 2.,.30 g/cc. 

Figure 2. Identification of a regional gradient along profile 
A-A', and its removal to form a residual anomaly 
suitable for numerical model in.q. 





Figure-ii4. Location of faults in the Zunil 1 area as inferred from 
the detailed gravity survey. This interpretation has 
not been supported by numerical modeling. 
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Figure-*^. Location of faults in the Zunil 1 area as inferred from 
the detailed gravity survey. This interpretation has 
not been supported Dy numerical modeling. 
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not been supported cy numerical model ing. 
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Figure^. Location of faults in the Zunil 1 area as inferred from 
the detailed gr^avity survey. This interpretation has 
not been supported Dy numerical modeling. 
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FAX 801-524--3453-H 

10-87/GUA/UTAH/CE./438 . 

JUNE 19, 19S9 

TO : JOE HOORE 

FROM : LUIS MERIDA 

DEAR JOE; 

I RECEIVED YOU FIVE REPORTS AND A COPY OF EfiCH FOR INDE (IN YOUR REMITTANCE 
IT IS MENTIONED 12 INSTEAD OF 10. THANKS A LOT. IT SEEMS WE ARE GETTING 
CLOSER TO THE POINT, EXCELLENT. WITH DUNCAN'S WORK ANO ALSO WITH ROYS', 
IT REMAINS THE PROSLEH OF GEOPHYSICS, INOE HAS NOT FINISH THEIR GRAVITY 
WORK AND THEY ARE ELUSIVt ABOUT HOWARD'S TRIP TO GUATEMALA. SO WE CAME UP 
WITH THE IDEA OF INVITING ONE THE YOUNG GEOPHVCIST THAT SPEAK ENGLISH TO GO 
TO UURI AND WORK WITH HOWARD IF THERE IS NO INCONVENIENT FROM YOU. PLEASE 
LET ME KNOW TO APPROACH INDE. THEY ALSO SAID THEY WILL FINISH SY NEXT 
FRIDAY. FOR THE SAME MATTER I AM SENDING YOU A COPY (2 PAGES) WITH THE 
LINES USED FOR THE GRAVITY SURVEY. BY TODAY PROBABLY DUNCAN REACHED YOU SY 
PHONE AND EXPLAINED THE IMPORTANCE OF INVESTIGATING A STRUCTURE NE TRENDING 
HIGH ABOVE THE RIM OF THE FIELD. PLEASE ASK HOWARD WHAT EXTENSIONS OF THE 
LINES HE NEEDS, IF ANY. FOR THE EVALUATION OF THAT STRUCTURE. YOU MIGHT 
LIKE TO DISCUSS THAT WITH DUNCAN. 

ROY WANTS TO KNOW WHAT IS YOUR ADVICE ON THE FOLLOWING BECAUSE OF CUSTOMS 
PROBLEMS, RELATED TO HG SOIL SAMPLES WE HAVE ONLY- ONE STICKER FOR THE BOX 
AND NO REMITTANCE FORM A3 WE DID HAVE FOR THE PREVIOUS ONE: WOULD IT BE 
BETTER FOR ROY TO CARRY THE MERCURY SAMPLES OR DHL THEM. 

LOOKING FORWARD FOR YOUR ANSWER. THANKS A LOT AGAIN FOR YOUR FiEMITTAL. 
LLLL 
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INSTITUTO NACIONAL DE ELECTRlFlCACiON 
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NOTAS: 
- TOMADO DE ROSE (1987) Y BASADA EN 

LA TOPOGRAFIA 

- LAS DIFERENTES SOMBRAS NO TIENEN SIG-
NIFICADO. 

- MAPA BASE: MAPA GEOLOGICO DEL INDE 1981 

^U'i/A-rioA7S /A; mey-reKS. 

INSTITUTO NACIONAL DE ELECTRlFlCACiON 
INDE GUATEMALA C A . 

PROYECTO GEOTERMICO Z U N I L I 

LOCALIZACION PROPUESTA DEL LIMITE 
DE RECIENTES FLUJOS DE ANDESITA 
BASALTICA, LANZADOS POR EL VOLCAN 
SANTA MARIA. 

CyM/MKF. FIGURA: 3. 1-2 
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MANIFESTACIONES TERMALES ASOCIADAS 
A FALLAS PROBABLES. E S C A L A G R A F I C A 

NOTA: 
MAPA BASE: LOCALIZACION DE MANANTIALES 
DEL AREA DE ZUNIL, INDE 1977. 

INSTITUTO NACIONAL DE ELECTRlFlCACiON 
.• INDE GUATEMALA C A . 

PROYECTO GEOTERMICO Z U N I L I 

ALINEACION DE 
MANIFESTACIONES TERMALES 

CyM/MKF. FIGURA: 3 . 2 - 1 



INFORMACION BASE: PLANO INDE POR ING. J. PALMA 

INSTITUTO NACIONAL DE ELECTRlFlCACiON 
..INDE GUATEMALA C A . 

PROYECTO GEOTERMICO Z U N I L I 

MAPA REGIONAL DE ANOMALIAS 
BOUGUER 

C y M / M K F . FIGURA: 3 . 3 - e 
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E S C A L A G R A F I C A 

SIMBOLOGIA 

®3 

AREA CON DEPLAZAMIENTO HACIA ABA-
JO DEL BASAMENTO ASI COMO UN GRA­
BEN. 

SECCION 

PROBABLE FALLA RELACIONADA A FA-
LLAMIENTO EN EL BASAMENTO. PUNTOS 
DENOTAN SOSPECHA. 

POZO 

INFORMACION BASE: PLANO INDE POR ING. J. PALMA 

INSTITUTO NACIONAL DE ELECTRlFlCACiON 
INDE GUATEMALA C A . 

PROYECTO GEOTERMICO Z U N I L I 

MAPA DE ANOMALIAS 
BOUGUER 

CyM/MKF FIGURA: 3 . 3 - 9 
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PREPARADO POR: ING. U. CORDON CYM/MKF 

INSTITUTO NACIONAL DE ELECTRlFlCACiON 
• INDE GUATEMALA C A . 

PROYECTO GEOTERMICO ZUNIL I 

ESQUEMA REPRESENTATIVO DE 
ANOMALIAS DE LA GRAVEDAD 

INTERPRETAT IVA 
CyM/MKF. FIGURA: 3. 3-10 
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PREPARADO POR: 1N6. U. CORDON CYM/MKF 

INSTITUTO NACIONAL DE ELECTRlFlCACiON 
INDE GUATEMALA C A . 

PROYECTO GEOTERMICO Z U N I L I 

MODELO CONCEPTUAL DEL 
BASAMENTO BASADO EN 
ANALISIS GRAVIMETRICO 

CyM/MKF. FIGURA: 3. 3-11 
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INSTITUTO NACIONAL DE ELECTRlFlCACiON 
INOE GUATEMALA C A . 

PROYECTO GEOTERMICO Z U N I L I 

MODELO CONCEPTUAL DEL 
BASAMENTO BASADO EN 
ANALISIS GRAVIMETRICO 

CyM/MKF. FIGURA: 3. 3-11 
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INFORMACION BASE: PLANO INDE POR ING. J. PALMA 

INSTITUTO NACIONAL DE ELECTRlFlCACiON 
..INDE GUATEMALA C A . 

PROYECTO GEOTERMICO Z U N I L I 

MAPA REGIONAL DE ANOMALIAS 
BOUGUER 

CyM/MKF. FIGURA; 3 . 3 - 8 
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MANIFESTACIONES TERMALES ASOCIADAS 
A FALLAS PROBABLES. E S C A L A G R A F I C A 

NOTA: 
MAPA BASE: LOCALIZACION DE MANANTIALES 
DEL AREA DE ZUNIL, INDE 1977. 

INSTITUTO NACIONAL DE ELECTRlFlCACiON 
• INDE GUATEMALA C A . 

PROYECTO GEOTERMICO Z U N I L I 

ALINEACION DE 
MANIFESTACIONES TERMALES 

CyM/MKF. FIGURA: 3 . 2 - 1 
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NOTAS: 
TOMADO DE ROSE (1987) Y BASADA EN 
LA TOPOGRAFIA 

LAS DIFERENTES SOMBRAS NO TIENEN SIG-
NIFICADO. 

MAPA BASE: MAPA GEOLOGICO DEL INDE 1981 

INSTITUTO NACIONAL DE ELECTRlFlCACiON 
INDE GUATEMALA C. A. 

PROYECTO GEOTERMICO Z U N I L I 

LOCALIZACION PROPUESTA DEL LIMITE 
DE RECIENTES FLUJOS DE ANDESITA 
BASALTICA, LANZADOS POR EL VOLCAN 
SANTA MARIA. 

CyM/MKF. FIGURA: 3. 1-2 


