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PART II DETAILED DISCUSSIONS

CHAPTER 1 ANALYSIS OF EXISTING DATA

1-1 Compilation and Analysis of Material on Geology and Ore Deposits

1-1-1 Compilation and analysis of material

The geology and mineral deposits of the survey area are summarized as 1:1,000,000 scale
geological and mineral resources maps by Servicio Nacional de Gelogia y Mineria
(SERNAGEOMIN). Also the following more detailed maps were collected and knowledge

necessary for satellite image analysis and geological survey were acquired.

Area Scale Lat. Long. Year of Publisher
Issue
Arica 1:300,000 |17.5~19.25 |68.9~70.4 1966 I1G
Collacagua | 1:250,000 |20.0~21.0 |68.4~69.0 1984 SERNAGEOMI
N
Pisagua y |1:100,000 |19.5~20.0 69.5~70.25 | 1977 I1G
Zapiga
Quillagua 1:250,000 |21.0~22.0 |69.0~70.5 1981 G
Ollagiie 1:250,000 | 21.0~22.0 68.0~69.0 1981 IIG
Juan de | 1:50,000 20.0~20.25 |69.25~69.5 | 1968 1IG
Morales
Mamifia 1:50,000 20.0~20.25 |69.0~69.25 | 1967 IIG
Alca 1:50,000 20.256~20.5 [69.0~69.25 | 1962 IIG
Pica 1:50,000 20.25~20.5 |69.25~69.5 | 1962 IIG
Chacarilla 1:50,000 20.5~20.75 | 69.0~69.25 | 1962 G
Matilla 1:50,000 20.5~20.75 |69.25~69.56 | 1962 G

Stratigraphic table of the survey area was compiled from 1:1,000,000 scale geological map
and is shown in Table 1-3-1. A geologic structure map was prepared from the above

geologic map (Fig. 2-1-1).

Radiometric ages of the rocks are described in the explanatory texts of the Collacagua and
Ollague sheet maps.

Data on mineral prospects and ore deposits are summarized in the explanatory texts of
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the 1:1,000,000 scale mineral resources map and also in the texts of Collacagua, Pisagua y
Zapiga, Quillagua, Ollagiie, and Mamifia geological maps. Also for Cerro Colorado
Deposit, the results of exploration by MMAJ is reported in “Overseas Geologic Structure
Survey Report: Northern Chile (MMAJ, 1978). A list and distribution map of mines, ore
deposits and mineral prospects was prepared from the above material (Table 2-1-1 and
Figure 2-1-2).

J. Davidson and C. Mpodozis (1991) summarized the development of the igneous arc in the
survey area. They have shown that the central axis of the igneous arc trending almost
N-S moved eastward with time. Also the age of mineralization from Chile to southern
Peru was studied by Clark et al., (1990) and Sillitoe (1991, 1992). It was clarified that
two porphyry copper belts, namely the Paleocene-early Eocene western belt and the late
Eocene-Early Oligocene eastern belt (Figs. 2-1-3, 2-1-4). Clarke et al., (1998) further
inferred that giant porphyry copper deposits were formed in the relatively later stages of
the late Eocene-early Oligocene mineralization. These results were compiled and shown

in Figure 2-1-5.

The distribution of various geologic structure elements and classified mineral prospects
and their relation to porphyry copper belt were compiled and laid out in geological and ore
deposits analysis map (Fig. 2-1-6).

1-1-2 Digitization of information

The location of known ore deposits and mineral prospects and 1:1,000,000 scale geological
map were digitized and transformed into ARC-View data. The mineral data are based on
the geographic information from 1:500,000 scale topographic map and listing of mines, ore
deposits and mineral prospect data (Table 2-1-1).

1-2 Image preparation, Geologic Interpretation, and Analysis of GEOSCAN Data
1-2-1 Objective of analysis

The objective of this analysis is to clarify the zoning of the alteration zones and the
geologic structure from GEOSCAN data for extracting promising localities for ore

occurrence.

1-2-2 Analyzed area
The areal extent of this analysis amount to a total of 2,560km? and the area consists of six



sub-areas (Fig. 2-1-7).

1-2-3 Data used

The GEOSCAN data used were in ENVI (Environment for Visualizing Images) form and
recorded in CD-ROM. Data of each scene consist of 1,024 pixels x 6,000~12,000 lines x 24
bands. The central wavelength of each band is shown in Table 2-1-2. There are 10
bands for visible near infrared region (0.4~1.5 . m), eight bands for short-wavelength
infrared region (1.5~3.0 1 m), and six bands for thermal infrared region (4~20 x m).

The data for the analyzed area (2,550km?) are of 17 scenes in six sub-areas (Table 2-1-3).
(Data for band 17 of scene SF-19-2-7 could not be read from CD-ROM and thus were not
used).

1-2-4 Preparation of images

The images prepared from GEOSCAN data are, as shown below; false-color images*! using
visible near infrared region~short-wavelength infrared region data, rationing images?
and decorrelation stretch images*Sof short-wavelength infrared region, and log residual

images** and decorrelation stretch images.

After preparing the above images for the whole scenes, the parts for sub-areas were cut
out (Table 2-1-3). Geometric corrections (tangential correction) and scaling were made on
each scene in order to match the output images with 1:50,000 scale topographic map.

@ Visible near infrared~short wavelength false color images (bands 1-2, 7-10, 11-18).
These are false color images prepared by allocating red, green, and blue to the average
values of bands 1~2 and 7~10 of visual near infrared region and bands 11~18 0f short
wavelength infrared region.

@ Short wavelength infrared rationing images (bands 11/13, 11/14, 11/15)

These are images prepared by allocating red, green, and blue to each of the 11/13,
11/14, and 11/15 each rationing value.
® Short wavelength infrared decorrelation stretch images (bands 12, 13, 14).
These are decorrelation stretch images prepared by allocating red, green, and blue
to short wavelength infrared bands 12, 13, and 14.

@ Short wavelength infrared decorrelation stretch images (bands 14, 15, 16)

These are decorrelation stretch images prepared by allocating red, green, and blue to
short wavelength infrared bands 14, 15, and 16.
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Fig. 2-1-3 Sketch Maps Showing Areas in the Central Andes Affected by Selected
Mesozoic and Cenozoic Magmatic and Metallogenic Episodes

Shading delimits approximate volcano-plutonic domains and black areas represent the more important, or in some

cases, metallogenically significant, mineralizations.
Radiometric ages are given (f) for the several regions contributing to the critical 30 to 46 Ma. episode; ZSGZ

represents the Zongo-S#an Gabdn tectono-thermal zone of Farrar et al (1988).
Map “a” incorporates the location of the Permo-Triassic volcano-plutonic belt of northern Chile, emplacement of
which had terminated prior to the intrusion of the Carabaya batholith in the study transect.

{(after Clark et al., 1990)
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METALLOGENIC BELTS
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Fig. 2-1-4 Types of Principal Gold and Copper Deposits in the Central Andes
Principal deposits, defined arbitrarily to contain >>10 metric tons Au or >>100,000 metric tons Cu, are named.

Metallogenic belts adapted from Sillitoe (1980, 1991). Minor deposits and prospects referred to in text are marked
by letters: A=Choja, B=Tinajas, C=La Mejicana, D=Carolina. (after Sillitoe, 1992)
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- ® Thermal infrared log residual images (bands 20, 22, 24)
These are log residual images prepared by allocating red, green, and blue to thermal
infrared bands 20, 22, and 24.
® Thermal infrared decorrelation images (bands 20, 22, 24)
These are decorrelation stretch images prepared by allocating red, green, and blue to
thermal infrared bands 20, 22, and 24.

*1) False color images
For multi-colored images, color images can be prepared by allocating different colors to
images of each band and these are called false color images. Normally three primary

colors are allocated to three bands (or three processing results).

*2) Rationing
Three combinations of two bands from many bands and their ratios are calculated, and
three primary colors are allocated to each to each of them. This is called rationing
process. The major objective of this exercise is to eliminate the topographic

information (effect of sunrays) from the data and to enhance the spectral information.

*3) Decorrelation stretch

In multi-band images, correlation among data of each band is high and the false color
images cannot express the geology by diverse colors. On the other hand, almost all of
the information contained in the raw image data can be expressed by a small number
of imaginary bands (data compression) using principal component analysis. Thus the
colors of the images processed by principal component analysis will be diverse. The
problem with this method is the inference of the geology by color. Decorrelation
stretch processing is to enhance hue and saturation component keeping original color
balance to the new bands acquired by principal component analysis. Kahle et al.,
(1983) distinguished silicified rocks, argillaceous rocks, and carbonate rocks in
decorrelation stretch images prepared from Thermal Infrared Multispectral Scanner
(TIMS) data.

*4) Log residual
Log residual is a method of normalizing the target area by average values. It calls for
converting observed values to emissivity patterns. The outline of the method is as

follows.



Table 2-1-2 Band Allocation of GEOSCAN Data

Central Central
wavelength wavelength

Band Lum] Band [um]

1 0522 13 2123

2 0.583 14 2154

3 0.645 15 2.220

4 0.693 16 2.255

5 017 17 2.301

6 0.740 18 2346

7 0.830 19 8.640

8 0.873 20 9.170

9 0.915 21 9.700

10 0.955 22 10.220

11 2031 23 10.750

12 2.083 24 11.280

Table 2-1-3 List of GEOSCAN Data Used for Interpretation
Line width used

for Num. of

Area Scene Pixel | Line | interpretation line
Tignamar SE-19-10 7N [1,024 {11,786 1 - 6,100 6,700
Palca SE-19-14 4 {1024 | 74732001 - 5500 3,500
SE-19-14 3N [1,024 | 7,733 | 2,001 5,500 3,500
SE-19-142 [1,024 | 7,910 [ 2501 6,000 3,500
Copaquiri SF-19-75 1,024 | 7,026 1 1,400 1,400

SF-19-74 1,024 | 9,566 1 - 1,800 1,900

SF-19-3 8 1,024 112,116 1 2,400 2,400
SF-19-31 1,024 | 8,077 1 2,400 2,400
Collahuasi SF-18-3 3 1,024 | 6582 1 2,800 2,800 |

Cerro Colorado SF-19-2 8 1,024 | 5,668 |2,001 - 3,300 1,300

SF-19-2 7 1,024 | 6,080 ]2401 - 3,700 1,300
Mocha—Queen SF-19-2 7 1,024 | 6,080 1 - 1,800 1,800
Elizabeth SF-19-2 6R [1,024 | 8,882 {5301 — 8,300 3,000
SF-19-25 1,024 (11,645 [1,001 - 5,000 4,000
SF-19-2 4 1,024 111,795 |1,101 - 5,100 4,000
SF-19-23 1,024 {12,117 17,901 ~11,900 4,000
SF-19-3 9N {1,024 11211717801 -11,800 4,000
SF-19-3 7N {1,024 112,116 |8,717 — 12,116 3,400

Table 2-1-4 Wavelength for Calculation of Reflentance and Emissivity

GEOSCAN
Central

wavelength Wavelength for

Band [um] calculation [ g« m]
1 0522 04975 - 05525
0.583 05520 - 0.6140

3 0.645 06210 - 0.6690
4 0.693 06810 - 0.7050
5 0.717 0.7055 - 0.7285
8 0.740 0.6950 - 0.7850
7 0.830 0.8085 - 0.8515
8 0873 08520 - 0.8940
9 0915 08950 - 0.9350
10 0.955 0.9350 - 0.9750 |
11 2.031 2.0050 - 2.0570
12 2.083 20630 - 2.1030
13 2123 21075 - 21385
14 2154 21210 - 2.1870
15 2.220 22025 - 22375
16 2.255 22320 - 22780
17 2.301 22785 - 23235
18 2346 23235 - 23685
19 8.640 83750 - 8.9050
20 9.170 8.9050 - 9.4350
21 9.700 9.4400 - 9.9600
22 10220 9.9550 - 104850
23 10.750 10.4850 -11.0150
24 | 11.280 11.0150 - 11.5450




Itis assumed that, in thermal infrared region, the radiance observed by sensors can be expressed as a
product of reflectivity of earth materials, radiance of black body, and effect of atmosphere
(transparency and other factors). Thus it is assumed that the following equation holds, when
observed valueis X ;, for band 2 of pixel i.
Xi; = i BT - I, 1)
¢ i, is the earth surface reflectivity of band A corresponding to pixel i. BK(T) is the
black body radiance at surface temperature T of pixel i and is assumed that it is not
dependent on wavelength (band). I, expresses the effect of atmosphere to band 1,
and is assumed thatitis constant within an image for one band. Now if the number
of pixels of each band is M and the number of bands N, geometric means for i direction
Kiy/Xi )/ XX D)=(ei/ei)/ (e /e ) 2)
The left side of equation (2) consists of observed values of each pixel and their
geometric mean value, and the right side of the equation consists only of terms related
to emissivity. Namely, normalization by geometric mean theoretically will eliminate
the effect of surface temperature and atmosphere. Now when the apparent
emissivity of the right side of equation (2) is ¢’, ¢’ can be obtained by the following
equation (Yamaguchi et al., 1989).

log e’ =logXi, —logXi. —logX., +logX.. 3)
N N

X;. =(I_lel)
i
M ™

X-). =(qu)

M N 1/MN

X.. =(Il1X,)
i o2

1-2-6 Spectral data

Reflection spectra of major rocks and minerals were obtained for selecting bands in image
preparation. The used data set is “MMAJ Spectral database Ver. 3.0” and “JPL Spectral
Library”. The spectra of each band were obtained by arithmetic mean of observed band
width shown in Table 2-1-4. The reflection spectra of rock and mineral samples are laid

out in Figure 2-1-8.
For short-wavelength infrared region, absorption (decrease of reflectivity) is observed

at bands 13, 14, and 15 for sulfate and clay minerals (Fig. 2-1-8). Therefore, rationing
images of bands 11/13, 11/14, and 11/15, and decorrelation stretch images for bands 12,



13, 14, and combination of 14, 15, and 16 were prepared in order to extract clay
minerals and alteration zones.

For thermal infrared region, absorption spectra of rocks vary with SiO:2 content
(MMAJ 2000). Band 20 is absorbed by silicified rocks (Fig. 2-1-8). Thus log residual
and decorrelation stretch images of combination of bands 20, 22, and 24 were prepared

for extracting silicified rocks.

1-2-6 Characteristics of prepared images

The color characteristics of prepared images of Cerro Colorado are described below.

(D False color images of visible near infrared to short-wave infrared region (bands 1-2, 7-
10, 11-18)

Compared with geological maps, it is seen that areas of sedimentary rocks are shown
in blue to greyish blue, and andesitic and granitic bodies are expressed by bluish green
hue. The alteration zones are pale whitish color in the images.

@ Rationing images of short-wavelength infrared region (bands 11/13, 11/14, 11/15)

The sedimentary rocks are shown in dark blue, andesitic and granitic rocks in bluish
to yellow. Also alteration zones are shown in light blue.

@ Decorrelation stretch images of short-wavelength infrared region (bands 12, 13, 14)
Alteration zones are shown in many colors, namely sericite-rich parts in yellow, kaolin
and alunite-rich parts in red to orange. It is seen from the spectral pattern of these
bands that the minerals are expressed in these colors.

@ Decorrelation stretch images of short-wavelength infrared region (bands 14, 15, 16)
The sercite and kaolin-rich parts are shown in dark blue in these images. Areas
inferred to be rich in smectite are reddish purple.

® Log residual images of thermal infrared region (bands 20, 22, 24)

Silicified rocks are shown in greenish blue.

® Discorrelation stretch images of thermal infrared region (bands 20, 22, 24)

Silicified rocks are shown in light blue.

Alteration zones extracted from short-wavelength infrared rationing images, short-
wavelength decorrelation stretch images (bands 12, 13, 14 and 14, 15, 16) are significantly
wider than those extracted by thermal infrared log residual images and thermal infrared
decorrelation stretch images. The reason for the above is believed to be scattering of
fragile alteration minerals in the vicinity of alteration zones by wind, water and other

natural elements and the reaction to these scattered zones.
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1-2-7 Photogeological interpretation and analysis of GEOSCAN images
The Geological interpretation map of each sub-area is shown in Plates 6-11. In addition,
the geological stratigraphic classification of the sub-areas is shown in Table 1-3-1 and
results of photogeological interpretation are shown in Table 2-1-5. Photogeological
interpretation of each geological unit, structural characteristics and alteration zones of

each area are described as follows.

(1) Tignamar sub-area

1) Delineation of geologic units

Geologic units of this area are composed of Paleozoic semi-schists (Pz), Cretaceous
volcanic rocks (Kz), Tertiary pyroclastic rocks (Ti3 and Ti4) , Quaternary unconsolidated
sediments (Qal and Qtl) and intrusive rocks (Tgd).

These units are mainly distributed as follows.

Qal : Along the main river

Qtl : Central part and along the main river of the northeastern part

Ti4 : Southwestern part

Ti3 : Northwestern part (1km X 1km in scale as a elliptical shape)

K2 : Almost whole area

Pz : Northeastern part (NNE-SSW zonal distribution on a rough scale of 2km X 7km)
Tgd : Central part (nearly 0.5km X 2km in scale)

Characteristics of each unit and a correlation with existing geologic maps are shown in

Table 2-1-6.

2) Structural characteristics
(a) Lineaments and faults
The following four elements are enumerated as the morphological features used for

identifying lineaments in the present area.

(D Notably winding flow of rivers

@ Linear continuation of break points of slopes
® Notably linear flow of rivers

@ Linear pattern caused by tone difference



A total of 58 lineaments are extracted from this area.
Most of these lineaments are distributed in Unit K2. (Only three lineaments are extracted
in Units Ti3 and Ti4)

The largest lineament is observed at the boundary of Unit Pz and K2, and is about 8km
long trending in the NNE-SSW direction.

Besides this, there are three lineaments about 5km long and others are about 1-2km.

Regarding the direction of lineament, NE-SW system is dominant with intersecting
NNW-SSE and NW-SE systems. A high lineament density zone is observed from the
central northern part to the western central part of the area.

(b) Folding

Folding is not observed in this area.

(c) Annular structure, caldera and dome structure

Only one semi-annular structure of about 1km in diameter is observed in the northeastern
part of the study area in Unit K2. The tone of Unit K2 in this part is slightly different from
other areas. Remarkable bedding is not developed in the surrounding strata. Therefore,
the annular structure does not indicate the top of the anticline, but it is possible that
concealed intrusive rock exist under the Unit K2. Other annular structures, calderas

and dome structures are not observed.

3) Alteration zones
A total of 53 alteration zones were extracted as from Geoscan false color Images as shown
in PL. 6-A. Of these, 48 zones are observed in Unit K2, and five zones in Unit Ti4.

A high density part of the alteration zone exists at the western central part in Unit K2 and
the south-westernmost part in Unit Ti4. In the former, largest alteration zone is about
0.5km X 1.0km in scale, and the zones are scattered within the range of 5km X8km. In
the latter, the alteration zones are about 0.3km X 1.9km in scale, the zones are
concentrated within the range of 3km X 4km.

On the other hand, alteration zones extracted from the ratio images, the decorrelation



stretched images (bands 12,13,14 and 14,15,16), and the thermal logarithmic residual
images have similar distribution pattern of alteration zones extracted from the false color

composite images as shown in PL. 6-B.

Regarding the alteration minerals, sericite is commonly observed, kaolin-alunite are
observed in the southwestern, the western central the north-easternmost parts. Smectite
is observed in the central part. Of these, in the kaolin-alunite zone in the southwestern
part, the characteristic greenish blue part suggesting the siliceous rock on the thermal
logarithmic residual image is observed. Existence of kaolin-alunite shows the possibility
that this greenish blue part corresponds to the silicified zone.

An direct relationship between the distribution of lineaments and the alteration zones is

not shown.

(2) Palca sub-area

1) Delineation of geologic units

The relationship of the superposition of stratum is comparatively easily distinguished
from the geomorphological characteristics and tracing of bedding on Geoscan false color

composite images in this area.

Geologic units of this area are divided broadly into two groups of Unit Tv correlated with
the Tertiary volcanic rocks and Unit Q correlated with the Quaternary unconsolidated
sediments. Unit Tv is subdivided to Tva, Tvbl, Tvb2, and Tvc, and Unit Q is subdivided to
Qs, Qf, Qtl and Qal from lower horizon upward respectively. Of these, Unit Tvb1l is most
widely distributed, and composed of volcanic rocks. Unit Tvb2 is inferred to be ignimbrite
intercalated in Unit Tvbl.

Characteristics of each unit and a correlation with existing geologic maps are shown in
Table 2-1-17.

2) Structural characteristics
(a) Lineaments and faults
The following three elements are enumerated as the morphological features used for

identifying lineaments in the present area.

@ Notably winding flow of rivers



@ Notably linear flow of rivers
@ Linear pattern caused by tone difference

A total of 20 lineaments are extracted from this area.
Most of these lineaments are distributed in Unit Tvbl, Tvb2, and Unit A (alteration zone),
and the length of lineaments are shorter than 3km.

(b) Folding

A gentle dipping anticline with axis extending in the NW-SE direction is inferred along
the Quebrada Limpire (northern part of Cerro libunuma) from bedding trace on the
Geoscan false color composite images.

{c) Annular structures, calderas and dome structures
From the morphology of ridges and existence of bedding planes on Geoscan false color

composite images, development of volcanic rocks in this area is easily observed.

Many conic ridges like the Cerro Colorado mountain are observed, and the possibility of
ridges being centers of the volcanic activities is high. In this part, lava dome is few
although the stratovolcano and the dome type volcano is common.

Annular drainage system formed by the control of the volcanic activity is observed in
Quebrada de Tana o Camina and its branches, and Quebrada Maimaja and its branches in
the central part of this area. However, annular structure which originates in deep

underground intrusive rocks is not seen in this area.

The sliding slope of a semicircle type is observed at the top of of the Cerro Guaichane
mountain (4,686m above sea level) the highest peak in this area, and a small-scale
depression structure is inferred there. It is thought that this phenomenon suggests the
existence of the center of the volcanic activity. However, large scale caldera structures

are not observed in this part.
3) Alteration zones
Alteration zones extracted from the Geoscan false color composite images exist widely in

many places as shown in PL. 7-A.

The alteration zones (Unit A) are observed in Units Tva, Tvbl, and, Unit T'vc and are most



abundant in Unit Tvbl, widely.

The upper part of the alteration zones in Unit Tvbl distributed in the central part of this
area is covered with a part of same Unit (Tvbl). The alteration zone extracted from
Geoscan false color composite images shown in PL. 7-A occurs only as outcrop. However,
most of these alteration zones are parts of the talus deposit (Unit Qtl), and are often
covered with Qtl.

A close relationship between the distribution of lineaments and the alteration zones is not
recognized. Photogeological characteristics of the alteration zones are shown in Table 2-1-
5. The the alteration zones are divided into 25 groups by the resemblance of stratigraphy
and distribution.

On the other hand, alteration zones extracted from the ratio images, the decorrelation
stretched images (bands 12,13,14 and 14,15,16), and the thermal logarithmic residual
image have similar distribution to those extracted from the false color composite images
as shown in PL. 7-B.

Regarding the alteration minerals, sericite is commonly observed in this area, followed by
smectite, kaolin-alunite and mixed layer clay minerals. Of these, in the kaolin-alunite
zones observed in the central and southwestern parts, the characteristic greenish blue
part suggesting the siliceous rock on the thermal logarithmic residual images is observed.
Existence of kaolin-alunite shows the possibility that this greenish blue part corresponds
to the silicified zone. These silicified alteration zones are observed in two places of the
central part and a part of the southwestern part. Both of these occurrences are limited
within areas smaller than 0.3km X 0.3km.

The alteration zones of this area are observed within the Units T'va, Tvb1, and Tve where
the relatively younger volcanic activity is dominant. Thus, the possibility of the alteration

zones being observed in the younger geothermal region is noted.

(3) Mocha-Queen Elizabeth sub-area

1) Delineation of geologic units

The geologic units of this area are Jurassic volcanic and sedimentary rocks (Jsl1,Jsls),
Cretaceous volcanic and sedimentary rocks (K1,K2), Tertiary pyroclastic rocks (Til, Ti2,
Ti3, Ti4 and Ti4w), Quaternary unconsolidated sediments (Qal and Qtl) and the intrusive



rocks (Kg, Kp, and d).

These units are distributed mainly as follows.

Qal : Along the main river

Qtl : Foot of mountain and or hills in the central to eastern part

Ti4 : Surroundings of mountainous part in the central to western part
Ti3 :Central to western part

Ti2 : Hillside of the western part

Til : Same as above

K2 : Along river side of the northeastern part

K1 : Along river side of the eastern to western part

dsl : Along river and hillside of the central part

Jsls : Top of a mountain part of the central part

Kbp : Southeastern part (3km X 3km+ « in scale)

Kg : Ravine portion of the southeastern part and along the river side of western part
d : Hillside of the eastern part

Characteristic and correlation of each unit with existing geologic maps are shown in Table

2-1-8.

2) Structural characteristics
(a) Lineaments and faults
The following four elements were enumerated as the morphological features used for

identifying lineaments in the present area.

(D Notably winding flow of rivers

@ Linear continuation of break points of slopes
@ Notably linear flow of rivers

@ Linear pattern caused by tone difference

A total of 145 lineaments were extracted from this area. Most of these lineaments are
distributed in Unit Kg, K1, Js1, and Jsls. Also four lineaments were extracted from Unit

Ti4 and one from Unit Ti4s and six from Unit Tv.

The larger two lineaments are distributed in Tv, Qtl and Qal in the eastern part of the
area. These two lineaments extend over 10km in the N-S ~NNE-SSW directions



respectively. Besides this, there are 13 lineaments (length; about 3-5km), and others about
0.5-2km long.

There are regional characteristics in the continuity of these lineaments. From the central
to the eastern part, they are relatively continuous, but in the central to the western part,
their continuity is poor. The western part is widely covered by Unit Ti3 and Ti4 from the
central part and westward this is believed to be the reason for the above.

Regarding the direction of lineaments, NW-SE, NNE-SSW, and NE-SW systems are
dominant. High lineament-density zones are observed comparatively often in the south-

central part. Lineaments with poor continuity are developed in various directions.

(b) Folding
One anticlinal and two synclinal structures have been observed in Unit Js1 and Jsls in

the central southern part. They both trend in the N-S direction.

(c) Annular structures, calderas and dome structures

Annular structure: An annular structure with 0.5km diameter is observed in Unit Kg in
the northern part of this area. The tone of Unit Kg in this part is pale gray, which is
different from other areas. An annular drainage system with slight depressions in the
periphery is developed. This part is located in southeastern part of Mocha mineral

showings, and corresponds to Soledad mineral showings.

Dome structure: The volcanic cone of about 3km X 3km is observed in the southeastern
part of this area. This corresponds to Unit Kp, and gentle topographic features compared
with strata in the vicinity. This part corresponds to Queen Elizabeth mineral showings.

Evidences of drilling exploration are clearly observed on the image.

3) Alteration zones
A total of 90 alteration zones were extracted from Geoscan false color images as shown in
PL.8-A. Of these, 49 zones occur in Unit Kg, and 30 zones in Unit Js1. Other alteration

zones observed are seven in T, two in Ti3, one in Js1s, and one in Tidw.

High density parts of the alteration zones exist at the eastern part (No.1~3 ; three in Unit
Tv, Kg and Jsl), the central part (No.4~6 ; two in Unit Kg, one in Units Js1, Jsls and
Kg) and the western part (No.7 ; one in Unit Kg).



The characteristics of these zones are as follows,

No1; within 6.0 X1.0km range, 3 Alteration zones, maximum size 2.0 X 0.8km

No 2; within 2.0 X5.0km range, 11 Alteration zones, maximum size 0.6 X 0.3km
No 3; within 4.0 X4.0km range, 11 Alteration zones, maximum size 1.8 X 0.3km
No 4; within 1.0 X2.5km range, 3 Alteration zones, maximum size 0.8 X0.8km
No 5; within 1.5 X2.5km range, 14 Alteration zones, maximum scale 0.7 X 0.3km
No 6; within 4.0 X3.5km range, 12 Alteration zones, maximum scale 0.7 X 0.83km
No 7; within 4.0 X2.0km range, 15 Alteration zones, maximum scale 0.60 X 0.4km

Of these, No. 3 corresponds to Queen Elizabeth and No. 7 to Mocha prospects or its
neighborhood.

On the other hand, the alteration zones extracted from the ratio images, the decorrelation
stretched images (bands 12,13,14 and 14,15,16), and thermal logarithmic residual images
occur in many localities other than those extracted from false color composite images as
shown in PL.8-B.

Regarding the alteration minerals, sericite is observed in almost the whole area except an
independent zone in the eastern part. Smectite is observed in central part, the central
northern part, and the eastern part, and kaolin-alunite is observed in the eastern part.

Of these, the kaolin-alunite zone and the mixed-large argillized zone in the southwestern
part contain the characteristic greenish blue parts indicating the existence of siliceous
rocks on the thermal logarithmic residual images. Existence of kaolin-alunite indicates
the possibility that this greenish blue parts corresponds to silicified zones.

Close relationship between the distribution of lineaments and the alteration zones is not

recognized.

(4) Cerro Colorado sub-area

1) Delineation of geologic units

Geologic units of this area are Cretaceous volcanic rocks (K1), Tertiary volcanic pyroclastic
rocks (Ti3 and Ti4), Quaternary unconsolidated sediments (Qal) and the Late Cretaceous
to Palrogene intrusive rocks (Kg).



These units are mainly distributed as follows.

Qal : Along the main river

Ti4 : Mainly eastern part, (topographically upper part of unit Ti3)

Ti3 : Westernmost, northern-central part and southeastern part

K1 : Central part

Kg : Isolated distribution as six bodies.
Northwestern part ; about 2km X 3km in size
Central and southwesternmost part ; about 3km X 1.5km in size
Central eastern part ; about 0.2km X 0.2km and 0.5km X 0.5km in size
Central of the western part ; about 0.5km X 0.5km in size

Characteristic correlation of each unit and with existing geologic maps are shown in Table
2-1-9.

2) Structural characteristics
(a) Lineaments and faults
The following three elements are enumerated as the morphological features used for

identifying lineaments in the present area.

@ Notably winding flow of rivers
@ Linear continuation of break points of slopes

@ Notably linear flow of rivers

A total of 52 lineaments were extracted from this area

Most of these lineaments are observed in the center part of Units K1 and Kg. The largest
lineament observed in the southwestern part of Units K1 and Ti4 is continuous for about
2.5km in the NE-SW direction.

Regarding direction of lineaments, NNW-SSE, N-S, and NW-SE systems are dominant in
this area. Besides this, there are five lineaments extending in the E-W direction in the

central part.

(b) Folding

Folding is not observed in this area.



(c) Annular structures, calderas, and dome structures

Annular structures, calderas and dome structures are not observed in this area.

3) Alteration zones
A total of 51 alteration zones were extracted from Geoscan false color images as shown in
PL. 9-A. Of these, 46 zones are observed in Unit K1, and five in Unit Ti3.

High-density part of alteration zones are generally observed in the following four places.
(D The northwestern part (2 alteration zones; maximum 0.6km X 0.1km in size)

@ Center part (21 alteration zones; maximum 0.2km X 0.2km in size)

@ Eastern part (23 alteration zones; maximum 0.9 km X 0.5km in size)

@ Southwestern part (5 alteration zones; maximum 0.2km X 0.1km in size)

On the other hand, alteration zones extracted from ratio images, the decorrelation
stretched images (bands, 12,13,14 and 14,15,16), and thermal logarithmic residual images
have similar distribution to those extracted from the false color composite image as shown

in PL.9-B.

Regarding alteration minerals, sericite is commonly observed, kaolin-alunite is observed
at two places in the sericite zone in the eastern part. Of these, the kaolin-alunite zone
contain the characteristic greenish blue parts indicating the existence of siliceous rocks on
the thermal logarithmic residual images. Existence of kaolin-alunite shows the

possibility that this greenish blue part corresponds to the silicified zone.

High lineament-density regions and high density regions of alteration zones are

harmonious well.

(5) Copaquiri sub-area

1) Delineation of geologic units

The geologic units of this area are of Paleozoic semi-schists (Unit : Pz), Jurassic
sedimentary rocks (Unit : Js1 and Js2), Cretaceous volcanic rocks (Unit :K1), Tertiary
sedimentary rocks (Unit : Tt) , Quaternary unconsolidated sediments (unit : Qal) and the
Paleozoic to Tertiary intrusive rocks (Unit : Pzg, Kg, Tgd, and Tg).

These units are mainly distributed as follows.

Qal : Along the main river



Tt : Mainly eastern part

K1 : western most , central northern part, and the southeastern part

Jsl : Southern central part

J82 : Mostly of Whole area ( except other units)

Pz : Southeastern part, width of about 5.5km and direction of NNE-SSW

Tg : Isolated as seven bodies, and direction of N-S to NNE-SSW

maximum 3.5km X 12km in scale and distributed in northern central part

Tgd : Tkm X 1.2km in scale with ENE-WSW direction, distributed in the
northwestern part.

Kg : 3km width, with N-S direction, distributed in the eastern part

Pzg : Isolated as three bodies (each 4km X 7km, 2km X 1.2km and 0.5km X 0.5km in
scale )

Characteristic and correlation of each unit with existing geologic maps are shown in Table
2-1-10.

2) Structural characteristics
(a) Lineaments and faults
The following five elements are enumerated as the morphological features used for

identifying lineaments in the present area.

D Notably winding flow of rivers

@ Linear continuation of break points of slopes

@ Notably linear flow of rivers

@ Straight line and wide valley

® Existence of topographical features which extend side by side with specific direction

A total of 86 lineaments were extracted from this area.
These lineaments can be generally grouped into the following six high lineament-density

localities. Lineaments of the E-W system are relatively continuous.

(i) Eastern part (total of 29 lineaments. NNW-SSE and NW-SE system is dominant
with maximum length of 6.5km.)

(i) Central part (total of 27 lineaments. NW-SE, E-W and NNE-SSW system are
dominant with maximum length of 6.5km.)

(iii) Southwestern part (total of 11 lineaments. WNW-ESE system is dominant with



maximum length of 1.5km.)

(iv) Southwestern part (total of 8 lineaments. NNW-SSE system is dominant with
maximum length of 1.0km.)

(v) Southern central part (total of 7 lineaments. NNE-SSW system is dominant
with maximum length of 0.6km.)

(vi) Southeasternmost part (total of 4 lineaments. Only NE-SW system is observed with
maximum length of 0.5km.)

(b) Folding
Folding is not observed in this area.

(c) Annular structures, calderas, and dome structures

Annular structures, calderas and dome structures are not observed in this area.

3) Alteration zones
A total of 104 alteration zones were extracted from Geoscan false color image as shown in
PL.10-A. These alteration zones extend almost parallel in the N-S direction, and are
roughly divided into the following six high distribution-density zone.
(i) Eastern part (12km X 5km, total of 37 zones, maximum size 0.8km X 0.2km)
(ii) Western part (15km X 6km, total of 41 zones, maximum size 0.7km X 0.4km)
(iii) Northwestern part (2.5km X 1km, total of 6 zones, maximum size 0.4km X 0.1km)
(iv) Southeastern part (6.5km X 1.5km, total of 11 zones, maximum size 1.1km X 0.5km)
(v) Southeasternmost part (2.5km X 1.5km, total of 2 zones, maximum size(.4km X
0.1km)
(vi) Southwesternmost part (3.3km X 5km, total of 7 zones, maximum size 3.0km X
0.8km)

On the other hand, alteration zones extracted from ratio images, the decorrelation
stretched images (bands, 12,13,14 and 14,15,16), and thermal logarithmic residual images
have similar distribution to those extracted from the false color composite images as
shown in PL.10-B. However, alteration zones were not extracted on false color composite
images within smectite zones and sericite zones in the center of the northern part and the

southeasternmost part.

Regarding the alteration mineral sericite is commonly observed, mixed layer clay mineral

is observed in the western central part and the northeastern part, smectite is observed in



the eastern part and the southern part, kaolin-alunite is observed in the western central
part.

Of these, the kaolin-alunite zones contain characteristic greenish blue parts indicating the
existence of siliceous rocks on the thermal logarithmic residual images. Existence of
kaolin-alunite shows the possibility that this greenish blue part corresponds to silicified

Zone.
A high lineament-density zone and a high density zone of alteration zone harmonize well.

(6) Collahuasi sub-area

1) Delineation of geologic units

The geologic units of this area are Paleozoic semi-schists (Unit : Pz), Jurassic sedimentary
rocks (Unit : Jkv), Quaternary unconsolidated sediments (unit : Qal) and the Cretaceous
to Tertiary intrusive rocks (Unit : Kg, and Tg).

These units are mainly distributed as follows.

Qal : Along the main river

Jkv : Mainly eastern part, scattered in seven places

Pz : Almost whole area

Tg : Isolated as two bodies in northern central part, size of 0.4km X 0.4km

Kg : Southern part and central part, isolated as three bodies in the central part,
maximum size of 2km X 1.5km

Characteristic and correlation of each unit with an existing geologic maps are shown in
Table 2-1-11.

2) Structural characteristics
(a) Lineaments and faults
The following four elements are enumerated as the morphological features used for

identifying lineaments in the present area.

® Notably winding flow of rivers

@ Linear continuation of break points of slopes

@ Notably linear flow of rivers

@ Existence of topographical features which runs side by side with specific direction



A total of 42 lineaments were extracted from this area.

Regarding the direction of lineaments, the NNE-SSW and the NE-SE systems are
dominant. The longest lineament is over 8 km in the NNE-SSW system and 4.5 km in the
NW-SE system. Other lineaments are relatively continuous with length of 2~3km.

(b) Folding

Folding is not observed in this area.

(c) Annular structures, calderas, and dome structures
Annular structures, calderas and dome structures are not observed in this area.

3) Alteration zones

A total of 8 alteration zones were extracted in the central part from Geoscan false color
images as shown in PL. 11-A. These zones occur within a range of 4.5km X4.5km. The
largest alteration zone is about 2.5km X 1.5km, following by a 3.0km X 0.7km zone.

On the other hand, the alteration zones extracted from the ratio image, the decorrelation
stretched image (bands 12,13,14 and 14,15,16), and the thermal logarithmic residual
image occur in many localities other than those extracted from the false color composite
image as shown in PL.11-B. However, these consist mostly of smectite, and neither

sericite nor kaolin-alunite is observed.

Regarding the alteration mineral, sericite, smectite and kaolin-alunite are observed. Of
these, in the kaolin-alunite zone, characteristic greenish blue part suggesting the siliceous
rock on the thermal logarithmic residual image is observed. Existence of kaolin-alunite

shows the possibility that this greenish blue part corresponds to the silicified zone.

High lineament-density regions and high density region of alteration zones are

harmonious well.
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