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ABSTRACT 

Regional variations in the chemical composition of Miocene­

to-Recent volcanic rocks from the Central Andes are investigated 

on the basis of 260 chemical analyses compiled from the literature 

in addition to 25 new analyses for 5 trace elements. Correlations 

are established between major and trace element compositions and other 

variables such as distance from the eruptive centres from the Peru­

Chile trench or crustal thickness, using the computer and multi­

graphic techniques. 

Among the most striking correlations are the confirmation of 

~~c previously established co~tinent-ward increase of K
2
o for all 

rock types, a surprising negative correlation for Na
2
o w~th distance 

from the trench in one large segment of the Cordillera and the 

positive correlation of Li, U and Rb with crustal thickness. 

Comparisons are also made between Andean rocks and those of 

island arcs and other tectonic regL~es. 
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INTRODUCTION 

The Central Andes, that part of the orogenic belt of western South 

America between 5°S and 30°S (Figure 1}, has been the focus of a long 

period of magmatism which was probably initiated in the Triassic-Jurassic. 

The climax of this magmatic activity, however, appears to have taken 

place in the Hiocene-Pliocene, when volcanism affected a wide elongated 

belt along the Central Andes. The products of this late stage of Andean 

Volcanism gave rise to lavas of andesitic to rhyolitic composition, 

grouped by Siegers et al. (1969) into a "Rhyolite Formation" with exten-

sive ignimbrite fields and an "Andesite Formation" represented mainly by 

stratovolcanoes. 
2 These units cover an area of approximately 150,000 km , 

and occupy much of the high Andes (Figure 2) including the high and 

Western cordilleras, parts of the Altiplano or Puna, Central Valley, 

and Pre-Cordillera (Figure 3}. This volcanism has been ascribed to the 

subduction of oceanic lithosphere under the South American continental 

margin and it appears permissible to assQ~e that the pattern of sub-

duction has remained relatively unchanged since the Miocene. 

Chemical variations of volcanic rocks across island arcs and 

Andean type continental margins have been postulated in several areas 

(e.g. Bateman and Dodge, 1970; Dickinson, 1967; Dostal et al., 1977; 

Hutchinson, 1976; Jakes and Wnite, 1971; James et al., 1976; Kussmaul, 

1977; Palacios and Oyarzun, 1975; Zentilli, 1974; and Zentilli and Dostal, 

1977). The ~iocene-to-Recent volcanic series of the Central Andes, however, 

represents an ideal laboratory for ~esting these kinds of chemical 

variations. It is the main purpose of this thesis to document, on the 
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basis of a compilation.of over 260 chemical analyses, complemented by 

the additional analyses o£ 25 samples for 5 trace elements (see Tables 

1 and 2, Appendix A) the lateral variations in major and minor element 

compositions of volcanic rocks· across the Central Andes. An attempt is 

made to investigat~ the regional var~ations displayed by different 

rock types, and to detect correlations between.chem1cal variables and 

other variables such as distance of the eruptive centres from the Peru­

Chile Trench, and crustal thickness. The chemistry of the volcanic 

rocks of the Central Andes are compared with that reported from other 

tectonic environrnentso It is out of the scope of this thesis to offer 

an interpretation for all variations documented, however, brief dis­

cussions and speculations in this respect are offered. 

SUMMARY OF PREVIOUS KNOWLEDGE ON THE ANDES 

Previous work on the geochemical and metallogenic relationships of 

the young Andean volcanic rocks has enlightened some of the geochemical 

variations across the Central Andes. 11uch o£ this work is fairly recent 

( < 10 years old) , and has allmved previous researchers to put forward 

several hypothesis (4 at least) on the petrogenesis of these rocks, 

which will be reviewed in Chapter 4. The geochemical research can be 

divided into 3 groups: 

1) Major elements 

2) Trace elements 

3) Isotopic data 
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Major Elements: 

The most significant and better documented compositional variation 

across the Central Andes is the eastwards increase of potassium. 

Palacios and Oyarzun (1975) have correlated the K2o content of the 

Central Andean volcanic rocks with depth to the Benioff Zone. Zentilli 

(1974), however, arguing that the Benioff Zone is arbitrarily defined 

preferred to plot the increase in potassium against a more empirical 

variable, the actual distance of the volcanic centres measured perpen­

dicularly from the trench (herewith referred to as "distance") by means 

of the K-index. The K-index was defined by Bateman and Dodge (1970) for 

intrusive rocks of the Sierra Nevada (U.S.A.), as one thousand times the 

slope of a line passing through zero percent and K2o and 45 percent Sio
2 

recognizing that the relationship betwe~n K2o and Si02 was not of a 

simple K20/Sio2 type. Thus the K-index is defined as: K
2

o x 1000/ 

(Si02 - 45). Kussmaul et al. (1977) has shovm the variation of K20 

with respect to the degrees of longitude, and Pichler and Zeil (1967) 

have suggested that there may be a zonation of potash content along 

the length of the Central Andes. Other than potassium all the other 

major elements have either been neglected or not studied very much with 

respect to their variation across the Central Andes. 

Trace Elements: 

The variations of most trace elements across the Central Andes are 

not documented. But Zentilli (1974) found an easterly increase of 

Ytrium, and Zentilli and Dostal (1977) showed that uranium followed a 

parabolic concave downwards relationship with distance, and they also 
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suggested that Li, Sr,.and Ba may also follow similar transverse 

variations. 

Isotopic Data: 

87 86 The ·.sr/ Sr isotopic value which is also considered in the present 

thesis, has been documented with respect to it~ behaviour across the 

Central Andes only by Zentilli (1974), who proposed that for Neogene-

Quaternary volcanic rocks there is an easterly increase in initial 

ratios. 

SOURCE OF THE DATA AND THEIR DISTRIBUTION 

The majority of the data has been obtained from the published 

literaturee This was accomplished by collecting several papers on the 

geochemistry of the Andean rocks. Even though many papers were col-

lected, by no means is it implied that the research exhausted all 

possible publications. For example reports from the local geological 

surveys were not available for this study. The data from 11 different 

references have been selected for use in the present thesis (Table la, 

b, c). The criteria used to choose them was the following: 

1. The publication contains enough information to locate 

the samples geographically. 

2. The publication is <10 years old. 

3. The data include the Sio
2 

content of the sample and 

the major and/or trace elements. 
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4. There is no reason to the best knowledge of the author 

to doubt the validity of the data. 

There is a particular paper: El-Hinnawi et al. (1969), whose 

data was not used in this study because of suspicion of analytical 

error in the determination of some trace elements. The reported values 

of Sn and Cu are extremely high, and do not compare to the analysis of 

rocks from the localities made by other researchers (Clark et al., 1976). 

The data were keypunched on computer cards, and for each sample were 

recorded: a code number; the sample number as given by the author; 

the source of reference; the geographical coordinates; the major and 

trace elements and isotopic ratios; the perpendicular distance from the 

trench to b~e sample; the age; the rock type as reported by L~e reference 

source; and other miscellaneous information. In Table la, b, and c the 

samples are code-numbered from 1 to 271, but numbers 46, 73, 91, 92, 93, 

94, and 95 do not exist. Also, where there was no data, the computer 

pr~nt out shows a zero. 

The locations of the 264 analysis from the Central Andes compiled 

for the present thesis are shown in figures 3 and 31. These samples 

can be considered to be representative of the late Cenozoic volcanic 

rocks of the Central Andes. They were subdivided into 3 geographical 

groups. The first group is located between latitude l5°S and 20°S, 

this area is called Region 1. The second group is located ben;een 

latitudes 20°S and 25°S and the third group is located between latitudes 

25°S and 31°S. These areas are called Region 2 and Region 3 
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respectively. The specific samples in each region are given prior to 

Table 1 (Appendix A)~ 

Computation and Statistics: 

The data were processed by the use of SPSS (Statistical package 

for the Social Sciences), QDGS (Quick Draw Graphic System), and Fortran 

programme language. With the SPSS package were obtained scatter dia-

grams (and their vital statistics: Pearson's correlation coefficient, 

least square fits, means and standard deviations) of all the major and 

87 86 . trace elements and the Sr/ Sr value agalnst distance and Sio2 . The 

final plots presented in this thesis were done by use of QDGS subroutines 

and other Fortran programmes (see Appendix A) Fig. 8, 13, 19. 

Analytical Methods: 

The determination of vanadium, nickel, lithium, copper, and zinc 

for 25 samples and 5 standard rocks was done using an Atomic Absorption 

Spectroscopic unit (Elmer-Perkins 503) in the laboratories of the Geology 

Department of Dalhousie University. A simple routine method developed 

by Warren and carter (1974), (with few modifications) was used to produce 

the rock sample solutions, which are made by using an acid dissolution 

system containing hydrofluoric acid (HF) . This acid not only dissolves 

the rock but also removes some of the compositional matrix of the sample 

by eliminating silica as a volatile silicon tetrafluoride (SiF
4
). In 

this method the sample is brought into solution by digestion with a 

mixture of hydrofluoric (HF), nitric (HN0
3
), and perchloric (HC10

4
) 
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acids in a low pressure-low temperature teflon bombe This step is 

followed by the evaporation of the solution to perchloric acid fumes 

and a final dissolution in a mixture of hydrofluoric and boric acids. 

In Appendix B can be found a detailed account of the methods used to 

prepare the solutions. 
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CHAPTER 2 
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CLASSIFICATION OF VOLCANIC ROCKS 

Field names and petrographic descriptions offer limited help when 

comparing volcanic rocks, especially if the rocks show some alteration 

or contain glassy groundrnass. Because terminology varies with the 

user, it becomes rather difficult if not impossible to compare rocks 

described by different workers. Therefore a uniform nomenclature 

based on certain criteria is necessary. Some of the classifications 

of common usage are those of: Streckeisen (1967); Irvine and Baragar 

(1971); Church (1975); and Taylor (1969): 

1. Streckeisen (1966, 1967) proposed a very useful classification and 

nomenclature for igneous rocks according to their mineralogy. 

The method he reco~mended for the conversion of the chemical 

analysis to a normative mineral composition is the Rittman Norm; 

this norm computes in many cases sanidine instead of biotite, 

and its use may be misleading for rocks poor i~ sanidine and rich 

in biotite. Therefore as the author does not have a complete hand 

specimen description of all the samples, it was considered imprac­

tical to use this classification because it would be impossible 

to detect the kind of error described above. 

2. Irvine and Barager (1971) use multigraphic methods to handle 

several variables which are used to classify the specimens ac­

cording to one of 21 volcanic rock types. However, where 

altered rocks are suspected, an arbitrary adjustment of the Fe
2
o

3
; 

FeO (ferric ion/ferrous ion) value is introduced. Some workers 
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(e.g. Chayes, 1966~ have rejected specimens with Fe
2

o
3
/Fe0 values 

> .6. Both of these procedures seemed inadequate to Zenti1li 

(1974) and Church {1975) because a ratio close to unity will be 

obtained where late magmatic oxidation has taken place, and many 

rocks that are obviously fresh in hand specimens and in thin 

section {e.g. unaltered glass) may also have high ratios, perhaps 

due to high oxygen fugacities prevalent during the last stages of 

crystallization {Dr. Marcos Zentilli, personal communication, 1978). 

3. Church {1975) proposed to use a greater amount of chemical data and 

a single·variation diagram for the classification of common vol­

canic rock types. For each rock A = Fe
2

o
3 

+ FeO + 1/2 {MgO + CaO) 

is plotted against B Al
2

o
3
/sio

2
, where the term A is supposed to 

serve as an index of basicity, and in recognition of the inter­

change of Si and Al in feldspathic minerals, the term B is computed. 

This method seems to effectively polarize ultramafic compositions, 

and to show a trend from rhyolite to basalt with increasing values 

of the parameters A and B. To delimit the fields for each rock 

type, Church {1975) plotted the standards of Washington (1917) and 

to test L~e procedure plotted the average compositions of Daly for 

each rock type. The fields overlap each other, making it very 

difficult to classify those rocks falling in the region of overlap. 

Nevertheless, this procedure takes into account several chemical 

components and perhaps the most useful information obtained from 

the variation diagram of Church is the relative degree of basicity 

of a rock. 



14 

4. Taylor (1969) recognized very early the difficulties inherent in 

applying standard petrographic techniques to rocks which contain 

fine gnained or glassy groundmass (as do many of the Central Andean 

volcanic rocks) and proposed that a classification based on the 

Sio
2 

and K2o contents (on a volatile-free basis} be used for these 

rocks. Taylor distinguished four varieties of andesites, the most 

common of which was termed ili~DESITE and has a content of Sio2 

between 56 ~~d 62% and a K2o content between .7 and 2.5%. Taylor's 

low-silica-andesites have a Sio
2 

content between 53 and 56% and a 

K
2
o content between .7 and 2.5%. The potassium and trace elements 

in andesites of the same silica content may vary by a factor of 5. 

For this reason Taylor distinguished between low-K and high-K 

andesites, with K
2

o <.7 and >2.5 respectively. The complete list 

of volcanic rock types is as follows: 

1. High Al-basalt <53% Si0
2 

2. Low-silica Andesite 53-56% Si0
2 

.7-2.5%K
2

0 

3 .. Low-K Andesite 53-62% Si02 
<.7% K20 

4. Andesite 56-62% Si0
2 

.7-2.5%K
2

o 

5., High-K Andesite 53-62% Si0
2 

<2.5% K
2

o 

6. Dacite 62-68% Sio
2 

7. Rhyolite > 68% Sio
2 

In order to break down the chemical analysls into rock types to 

effectively compare rocks of similar chemistry, and for the comparison 

of trace element contents of these rocks with those of other orogenic 



15 

regions, it was found appropriate to group the rocks according to the 

usage of Taylor, as described above~ 

Classification of the Data 

Region 1 

Most samples from Region 1 are of dacite or andesitic composition 

(Figures 4 and 5), and of calc-alkaline character according to the 

criteria of Peacock (1931) and Wager and Deer (1939) (Figure 6) .. 

Peacock (l93l) defined the calc-alkali series of rocks to be those in 

which the sum of Na
2

o + K
2

o exceeds the CaO content at Sio
2 

values 

between 55 to 61 percent (Table 4, Appendix A), Another group of rocks 

called "shoshonites" have been identified for having K
2
0/Na

2
o values 

close or greater than unity. In Figure 4 the shoshonites (samples 216, 

217, 218, 219, 220, 221 and 222) show higher K2o content at any given· 

Sio
2 

than the calc-alkaline rocks. Also note that few shoshonites plot 

as a more or less distinct group, having a slope slightly smaller {less 

steep) than the rest of the rocks. Miyashiro (1973) identified the 

calc-alkaline series by their rapid increase in Sio
2 

with respect to the 

Fe total/MgO value (Figure 7). Also it can be seen that several samples, 

and one in particular {No. 207), plot very distinctly in the tholeiitic 

field. A check on Table la indicates that i~ is due to a low content 

in MgO rather than a high content in iron, Finally, Figure 8 shows a 

Na
2
o;K2o versus Na

2
o + K2o plot for the rocks of Region 1; it clearly 

shows that all the samples fall in the region of "fresh" volcanic rocks .. 
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to the "fresh" volcanic rocks from island arcs of 

Miyashiro (1975). Most of the samples that fall out-

side this field have relatively high Sio2 values. 
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Region 2 

In region 2 there are only slight differences with Region 1~ Again 

the bulk of the samples are of dacitic and andesitic composition 

(Figure 9 and 11), but the andesites of Region 1 show to be, in general, 

less potassic than those of Region l, Also the samples of Region 2 are 

mostly of calc-alkaline character (Figure 10) , though many of them have 

shoshonitic affinities. The variation diagram of Miyashiro (1975) 

{Figure 12) shows that as in Region 1 most rocks fall in the calc­

alkaline field,. and that some of them fall distinctly in the tholeiitic 

field {sample 241 in particular) , A check on Table la again shows 

that it is due to very low MgO values. Figure 13 shows that most rocks 

are fresh according to the test for Quaternary volcanic rocks as de­

fined by Miyashiro {1975). Again those values falling outside the field 

for intermediate and basic volcanic rocks from island arcs.are of 

rhyolitic and dacitic composition$ Also a comparison of Figure 13 

with Figure 8 points out again at the similarity between the volcanic 

rocks from Region 1 and 2. 

Region 3 

In Region 3, as in Regions 1 and 2, ·the bulk of the rocks have 

andesitic and dacitic compositon, but there are more high-alumina 

basalts than in the previous regions as shown in the K
2

o versus Sio
2 

diagram for Region 3 (Figure 14). In this figure, the shoshonites 

again show a higher K
2

o content at any given Sio
2 

than the rest of the 

rocks which are of calc-alkaline character according to the criteria 
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of New Brittain (Jakes and tfuite, 1971). The line separating 
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comes from Irvine and Baragar (1971). This diagram shows 

the calc-alkaline and shoshonitic character of the·rocks 

from Region 2. 
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of Wager and Deer (1939) (Figure 15). Figure 15 shows that the 

volcanic rocks of Region 3 fall well in the calc-alkaline field. Note 

also that some of the samples fall within the field demarked by the 

rocks of shoshonitic association of New Guinea. This figure is com-

parable to Figures. 10 and 6. In Figure 14, some of the shoshonites are 

not as well identifiable as a different group from the rest of the rocks. 

This suggests that while the shoshonites and the calc-alkaline rocks 

can be considered to be two different populations, they are related 

and there is a progressive gradation beb~een them. This fact can also 

be observed in the histogram for the K
2

0/Na
2

o values of the samples from 

the three Regions (Figure 16). In Figure 15 there are 2 samples that 

seem to be out of sequence, they are samples 25 and 26e These two 

samples do not follow the same trend set by the other samples (e.g. 

linear increases of K
2

o with increasing Si0
2
), but they show comparatively 

low K
2

o • These two samples are highly siliceous (> 83 percent Sio
2

) 

and that is the reason for being depleted in all other major elements, 

including K
2

o (see· Table la) 0 For comparison with Figure 14 has been 

plotted a Church variation diagram (Figure 17). Again as in Region 1 

and 2, most of the samples fall in the andesitic and dacitic fields. 

Note that the two highly siliceous samples (25 and 26) plot outside 

the rhyolite field defined by Church (1975) 0 Sample No. 5 plots above 

the rhyolite field due to the fact that it is One dif-

ference between this plot and Figures 11 and 5, is that four samples 

fall in the trachyte field, probably because they are relatively rich 

in alumina and poor in iron with respect to the other samples. For 
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MGO 

Region 3. In dots is the field for the volcanic rocks of 

Shoshonitic association of New Guineao In dashed line is the field 

for the volcanic rocks of Korkar and Manan Islands of New 

Brittain (Jakes and Nbite, 197])o Tl:le line separating the 

calc-alkaline field (CA) from the tholeiitic field (TH) comes 

from Irvine and Baragar (1971)~ This diagram shows the calc­

alkaline and shoshonitic character of the rocks from Region 3 
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comparison with Figure 15 a diagram has been plotted with FeO total/ 

Mgo versus Sio2 (Figure 18) which shows the calc-alkaline character of 

most samples according to ~~e criterion of Miyashiro (1973). Again as 

in the previous.regions, some samples fall distinctly in the tholeiitic 

field (No~ 8 and 35). These samples, as in the other 2 regions, have 

relatively low MgO values. Figure 19 shows the "freshness" of the 

samples of Region 3. Again as in the other two regions a few samples 

fall outside the field for fresh Quaternary volcanic rocks of Miyashiro 

but it is probably due to the fact that they are more siliceous. 

Nevertheless, diagrams 8, 13 and 19 indicate that the Neogene-Quaternary 

volcanic rocks of the Central Andes have relatively lower Na
2
o;K

2
o 

values than similar rocks from island arcso 

Finally a MgO-Fe total-Al
2

o
3 

diagram (Figure 20) has been plotted 

for the rocks of the 3 regions having a Sio
2 

content between 51 and 56%0 

Pearce et al. (1977) distinguished in this diagram five fields repre-

senting different tectonic environments: ocean ridge and floor, ocean 

island, continental, orogenic, and spreading centre island. The aim of 

this diagram is, for Pearce et al. (1977), to show the relationship 

between major element chemistry and tectonic environments. The samples 

plotted in Figure 20 fall distinctly in two fields: the "orogenic" 

and the "ocean ridge and floor". One sample falls in the field for 

"spreading centre islands" but it is so close to the "orogenic" field 

that it may be considered to be part of the latter. The samples that 

fall in the "ocean ridge and floor" field have HgO values between 6.94 
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and 8.76 wt. percent, which is greater than the MgO values for those 

samples plotting in the orogenic field which are between 2.70 and 6.98 

wt. percent. Also the samples plotting in the "ocean ridge and floor" 

field are characterized by lower Al
2

o
3 

values than those plotting in the 

"orogenic" field (see Table la, samples No. 90, 96, 97, 98, 100, 101, 

103, 104, 105, 106, and 228 plot in the "ocean ridge and floor" field. 

Samples No. 47, 103, 108, 109, 117, 271, 118, 217, 219, 226, 225, 256, 

257, 258, and 265 plot in the orogenic field). 

In the preceding paragraphs the calc-alkaline rocks have been 

identified bn the basis of low iron enrichment in an AFM diagram and 

by lower than unity K
2

0/Na
2

o ratios, and they have been compared to 

1-tiyashiro' s Fe total/HgO vs Sio
2 

variation diagram. Now the trace 

elements may also be used to define the character of the volcanic rocks. 

Tholeiitic rocks have Rb values from 2 to 30 ppm (Jakes and White, 1972) 

and the Rb values of all the rocks of the Central Andes under study are 

greater than 20 ppm up to a maximum of 365 ppm. The highest values 

belong to rocks of shoshonitic association (K
2
0/Na

2
o >.95). In 

addition because of the poqitive correlation of Rb with Sio
2

, the more 

siliceous rocks have the higher values. The Sr values of the Central 

Andean volcanic rocks are in 99.5 percent of the cases greater than 

250 ppm and they go up to 1243 ppm. It is in accordance with the calc­

alkaline and shoshonite rocks of Jakes and White (1972), and as in his 

case the rocks of shoshonitic association have the highest Sr values. 

Although the other .5 percent have very low Sr values (range from 7 

71 ppm) and correspond to rocks previously identified as calc-alkaline. 
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Ni and Cr values are low in most rocks, agreeing with a non-tholeiitic 

character (tholeiites are generally enriched in Ni and Cr as a result 

of olivine and clinopyroxene accumulation). However, the samples 

with Sio
2 

less than 54 percent tend to have high Ni and Cr values. 
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CHAPTER 3 
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GEOCHEMICAL VARIATIONS 

After dividing a~l the samples into 3 geographical regions and 

classifying them according to the usage of Taylor (1969) it was pos­

sible to see many similarities and differences between the different 

rock types in the three regions. Table 5 shows the relative pro­

portions of the different types of rock in the three regions. And 

Table 6 in Appendix A shows the list of elements; number of casesi 

mean; and standard deviation for each rock type of each region. 

Note from Table 5, that the so-called "andesites" make up for 

1/2 of all samples, and that the dacites make up for 1/3 of all samples, 

indicating the intF-~!nediate to slightly siliceous character cf the 

Neogene-Quaternary volcanism in the &~des. The data has been plotted 

against distance from L~e trench and Sio
2 

for each rock type of each 

region, and the results obtained are discussed below. 

Basalts 

Due to the lack of a statistically significant number of samples 

in Regions 1 and 2, it is not possible to study the geochemical co­

variations in these regions. However, in Region 3 there are 8 samples, 

but none of them show correlation with either sio
2 

·or distance, except 

for the K-index, which varies positively with distance in a similar 

fashion as do the andesites in Figure 27 (see below). 
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TABLE 5 

RELATIVE PROPORTIONS OF ANALYSIS IN THE 3 REGIONS 

Region Latitude Basalt Andesite Dacite Rhyolite Partial 
Total 

1 l5°S to 20°S 1 71 37 6 115 

2 20°S to 25°S 3 36 35 14 88 

3 25°S to 31°S 8 28 16 9 61 

Partial Totals 13 134 88 29 264 

Percent from grand 
Total (= 264) 5 51 33 11 100 
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Andesites 

In general terms the elements that constitute the andesites of 

the three regions are comparable in many respects, but there are also 

some differences. The Tio
2 

and FeO content of the andesites of Region 

1 tend to be higher than in Regions 2 and 3, and the CaO, Na
2
o, and 

I 

MgO tend to be lower in Region 1 than in the other two regions. P
2

o
5 

shows no covariation with distance or Sio
2 

in none of the regions, 

except for an exponential increase with increasing distance from the 

trench in Region 1 (Figure 21). The other major elements have comparable 

ranges and means in the three regions. The behaviour of Tio
2 

varies 

from region to region. In Region 1 it shows an exponential positive 

increase with distance; in Region 2 it shows a linear increase; and 

in Region 3 it shows no covariation. However in the three regions Ti0
2 

shows a linear decrease with increasing Sio
2

. Al
2

o
3 

has a more uniform 

covariation than Ti0
2

, because it decreases linearly with distance in 

Regions 1 and 2, although it shows no variation in Region 3. Also 

Al
2
o

3 
does not correlate with Sio

2 
in any of the 3 regions. Fe

2
o

3 
shows 

a slight covariation with distance and Sio
2 

(positive and negative 

respectively) in Region 1, but no covariation in Regions 2 or 3. FeO 

shows no covariation with distance or Sio
2 

in Regions 1 and 3, but in 

Region 2 it shows a slight positive covariation with distance and a 

very good negative covariation with Sio
2

. MnO behaves the same in the 

three regions showing no covariation with either distance or Sio
2

• MgO 

can be correlated with Sio
2 

in the three regions, and can be negatively 
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correlated with distance in Region 1. In Regions 2 and 3, MgO shows 

no covariation with distance. CaO shows no correlation with distance, 

but it shows a very good negative correlation with Sio
2 

in the three 

regions. Na
2

o shows a different behaviour in the 3 regions. In Region 

1 it shows no covariation with distance, while in Region 2, it shows 

a negative correlation (Figure 22) and in Region 3 it shows a positive 

correlation (Figure 23). With respect to Sio2 , Na
2

o is independent. 

K
2
o shows no correlation with distance in Region 3, but it shows a 

better correlation in Region 2 and an even better correlation in 

Region 1 (Figure 24) • K
2

0 in andesites showed no variation with Si0
2 

in any of the three regions. The K-index for the three regions was 

computed and plotted against distance. Figures 25 and 26 show the K­

index versus distance for all the rock types of Regions 1 and 2 respec­

tively. Note in these diagrams the similarity in shape (i.e. similar 

behaviour of the K-index}, which is of step-like form. This behaviour 

of the volcanic rocks of these two regions is comparable to the 

behaviour of the rocks of the Sierra Nevada batholith studied by Bateman 

and Dodge (1970). From these two figures it is possible to divide 

Regions 1 and 2 into two broad longitudinal zones of differential K
2

o 

values. The boundary line in Region 1 would be at approximately 360 km 

from the trench, and in Region 2 it would be approximately at 490 km. 

However, even though this way of demarking zones for potassium seems 

reasonable, it is no·t truly valid because Figures 25 and 26 represent 

a compressed picture of what is happening in a broad area. Thus 

below will be described a better way of zoning the potassium in the 

Central Andes. But first a reference to Region 3 is necessary. For 
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Region 3, the K-index versus dista~ce plot for all the rock types 

(Figure 27) shows a slight positive trend. The plots of K-index 

against distance for the dacites and rhyolites have a steplike shape 

similar to those shown for Regions 1 and 2. But for the andesites 

(Figure 28) and basalts the K-index shows a positive linear increase 

with increasing distance. Figure 28 indicates that the slight positive 

correlation shown in Figure 27 is controlled by the andesites, and 

that the potassium increases steadily with distance in the southern 

part of the Central Andes. On the other hand, in the middle and 

northern portions the potassium is invariant first and then it shows a 

dramatic increase in values. 

In a geographical-position plot of the samples (Figure 29) have 

been divided each degree of latitude and longitude into four cells, 

and for each cell the average K-index was calculated. It was found 

that in order to show the zonation of_potassiurn, such an approach was 

required. Figure 29 shows the area of the Central Andes under study 

divided into cells of 1/2° per 1/2°. Each cell is made up of a certain 

number of samples, for which an average K-index value has been com­

puted (Table 7). This diagram applies to the andesites only, and it 

can be appreciated that the highest values appear further away from the 

trench, and that the lowest values fall closer. Owing to the relatively 

small density of the sample distribution there are many areas that are 

left blank. Before extrapolating, it would be valuable to find the 

K-index for several rocks in those areas, though. 
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TABLE 7 

Average K-index values for each cell (andesites only) 

c. ith cell 
1. 

K. = ith K-index value 
1. 

no andesites in this cell 

(x} = number of samples in cell i (andesites) 

Ci K. andesites (x) Sample numbers (all rocks 
l. 

1 192 (19) 125 to 136, 149 to 154, 161, 197 to 200 

2 157 (11) 137 to 140, 155 to 160, 162 t.o 169 

3 180 (2) 170, 171, 196 

4 294 (9) 216 to 223, 230, 231 

5 279 ( 1) 224, 225 

6 333 (1) 226, 227, 228 

7 200 ( 3) 183, 184, 185, 229 

8 2071 208, 209 

9 182 ( 8) 114, 145, 186, 187, 188, 201 to 206 

10 214 ( 3) 146, 210 to 215 

11 162 (9) 141 to 143, 173 to 180, 182, 189 

12 147, 148, 190 to 195 

13 148 (1) 172 

14 185 (3) 58 to 65 

15 251 
,I':. ,'-=""" I II\ 252, 253, 255, 256 ..LV .LU-G \"'~ i 

17 189 ( 1} 254 

18 87, 86, 44 

19 81 

20 75 
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Table 7 (continued): 

21 156 (1) 71, 76, 77, 90 

22 67, 72, 79, 83 

23 145 (11) 37 to 43, 45, 47 to 57, 249 

24 238, 250 

25 168 (1) 68, 69, 74, 78, 80, 82 

26 156 (1) 66, 84 

27 70 

28 192 (1) 232, 233, 240, 241, 244, 248 

29 

30 127 (2) 85, 88, 89, 234 

31 204 ( 1) 235, 236, 237' 239, 242, 243 

32 122 (1) 245, 246, 247, 260, 261 

33 215 (1) 99 

34 193 (2) 257, 258, 259 

35 416 (3) 96, 97, 98 

36 213 (2) 111, 112 

37 127 (3) 262 to 265 

38 126 {1) 266 

39 105, 106, 107 

40 197 (2) 108, 109 

41 138 (2) 267' 270 

42 144 (1) 268, 269 

43 216.5 (2) 100 to 104, 110, 113 

44 232 (2) 35, 36 

45 30 to 34 

46 185 (6) 1 to 5, 22 to 26 

47 164 (2) 6, 7, 8 

48 9 to 12, 19, 20, 21 

49 138 ( 3) 13 to 18 

50 28, 29 

51 27 

52 353 (6) 114 to 124 
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Many of the trace elements do not show covariation with distance 

or Sio
2

, but many of them show a good correlation among themselves. 

This correlation can either be linear (positive or negative) or 

parabolic (concave upwards or downwards). Data were available in 

Region 1 for only 5 trace elements: Ba, U, Li, Rb, and Sr. Data were 

available in Region 2 for 12 trace elements: Zn, Cu, V, Zr, Ni, Co, 

Y, Cr, Sc, Sr, Ba, and Rb. And data were available in Region 3 for 

22 trace elements: Li, Ag, Sn, Ga, Pb, Zn, CU, B, Be, Mo, V, Zr, Ni, 

Co, Y, Ce, Cr, Sc, Sr, Ba, Rb, and U. In Region 3, Li, Ga, Zn, Cu, Be, 

Mo, V, Ce, Cr, Sc, Sr, Ba, Rb, and U show no variation with either 

distance or Si0
2

e Pb, Co and Ni vary with Si0
2 

positively, negatively, 

and negatively respectively, but show no variation with distance; and 

Zr and Y vary with distance (negatively and positively respectively) 

but show no correlation with Si0
2

o In Region 2, Zn, V, Ni, Y, and Co 

behave in a similar fashion as in Region 3. But CU, Zr, Cr, Sc, Sr, 

Ba, and Rb behave differently. Cu and Zr vary negatively with dis-

tance and show no correlation with sio
2

• Figure 30 is a plot of copper 

versus ,jistru~ce. Note in this figure that most samples fall in either 

end of the fit line, but the few samples that fall in between follow 

the trend set by either end. Sr and Rb show a positive correlation 

with distance and no covariation with Sio
2

• Cr and Sc show no co-

variation with dist~~ce but a positive correlation with SiO 
- 2 Finally, 

Ba follows a negative trend with Sio2 but shows no covariation with 

distance. 
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The trace elements in Region 1 shows two types of covariation 

with distance: Li, Rb, and U follow a parabolic concave downwards 

relation, Sr follows a parabolic concave upwards relation, and Ba follows 

a linear trendG With respect to Sio
2

, none of these elements show cor-

relation. Figures. No. 31 and 32 are diagrams of lithium and uranium 

versus distance. Note that in bot~ cases the andesites (unfilled 

circles) reach a maximum at approximately 320 krn from the trench. Rb 

reaches a maximum at the same distance as U and Li, and Sr reaches a 

minimum at approximately 330 krn from the trench. Since the continental 

crust in Region 1 reaches a maximum thickness at about 320 to 330 krn 

from the trench, it is interesting to note that the point at which the 

tangent touching the maxima and minima in the plots of Li, U, Rb, and 

Sr versus distance, coincides roughly with the point of maximum contin-

ental thickness (Figure 33) . 

. 11 h 8 7 ; 8 6 . . l ( . . . 1 . ) 11 F~na y t e Sr Sr ~sotoplc va ues ~n~t~a ratlo fo ow a 

negative linear relationship with distance (Figure 34) and no relation 

Dacites 

The major elements of the dacites of Regions 1 to 3 do not show 

variation with distance, except Tio
2 

and P
2

o
5 

in Region 1 where they 

shovr a slight positive increase with increasing distance, and Na
2
o 

in Region 2 which follows a negative trend with distance (Figure 35) . 

However, the covariation of the major elements with Sio
2 

is better. 

In Region 1 Tio
2

, K
2
o, and P

2
o

5 
show a slight increase with increasing 
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Figure 33: This figure shows the contour lines of the Moho 

surface at the base of the Central Andean crust 

(James, 1971) in dashed lines. The numbers that 

Qppear in each of the Bouguer anomaly lines are the 

depth from the sea level to the base of the crust, 

and they are in kilometers. 
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Sio
2

, and MgO and CaO decrease linearly with increasing Sio
2

. In 

Region 2 FeO, MgO, CaO, and Na
2
o show a negative correlation with 

Sio
2

, and K
2

o shows a positive correlation as in Region 1. In Region 

3 Tio
2

, contrary as in Region 1, decreases linearly (negative correlation) 

with increasing SiO , but CaO, as in Region 1 ·and 2 has a negative 
2 

correlation. 

With respect to the trace elements, in Region 3, which has the 

most abundant data, Li, Ag, Ga, Pb, CU, Be, Mo, Zr, Ni, Cr, Sc, Ba, 

Rb, and U show no variation with either distance or Sio
2

. Sn, B, and 

Ce had less than 4 samples each (Table 6, Appendix A) and therefore it 

was not possible to detect a true relationship with Sio
2
" or distance. 

However, Zn, Y, Sr, and Co show a good correlation with distance, and 

the latter together with V also vary (negatively) with Sio
2

. Figure 

36 is a plot of Sr versus distance for the dacites of Region 2; note 

in this diagram that the scatter is greatest in the center portion. 

In·Region 1 Sr, and Ba do not show variation with either distance or 

Sio
2

• But Rb sh~vs a good correlation with Sio
2 

although it shows no 

correlation with distance. The lithium and uranium behave like in 

the andesites. In Figure 31 and 32 the dacites appear as filled circles. 

Note in these two diagrams that the dacites generally have greater con-

tents of Li and U than the andesites at any given distance. There was 

not enough isotopic data {< 4 samples) in any of the three regions to 

detect what kind of relationship it follows with distance or Sio
2

. 
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With respect to the relative contents of each element in the 

dacites of the 3 regions, the following can be said: Al
2
o

3
, Fe

2
o

3
, 

MgO, Na
2
o, and K

2
0 show comparable ranges in each region, but Tio

2
, 

FeO, and CaO have the lowest values in Region 1. In particular CaO 

has on the average (Table 6, Appendix A) the highest values in 

Region 3. P
2

o
5 

has the lowest values in Region 2, and comparably 

higher values in Regions 1 and 3, thus making a saddle point in 

Region 2. The trace elements also show some longitudinal variation. 

Vanadium and nickel have higher values in Region 2 than in Region 1 or 

3; Sr, on the average has higher values in Region 1 .than in Regions 2 

or 3; and Ba also shows the same relationship as Sre 

Rhyolites 

None of the major elements in rhyolites of any of the three regions 

varies with distance, except K
2

o of Region 1, which shows a slight 

increase with increasing distance. In Region 1, Ti0
2

, Al
2

o
3

, Fe
2

o
3

, 

FeO, MgO, CaO, and P
2

o
5 

show very good (negative) correlation with 

Sio
2

, but ~mo, Na
2
o, and K

2
o show no correlation. In Region 2 Al

2
o

3
, 

Fe
2

o3 , MgO, and CaO vary negatively with Sio
2

, but ~20 vary positively. 

The other major elements in this region show no correlation with sio
2

. 

In Region 3 none of the major elements vary with sio
2

• With respect 

87 86 
to U1e trace eleilients and the Sr/ Sr value, either there was no 

data or there were too few cases to detect any variation. 
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Figures 37 and 38 serve to compare the major and trace elements of 

the volcanic rocks of the Central Andes with equivalent rock types 

from other places of the circum~Pacific belt, such as the Tonga Islands 

(Ewart and Bryan, 1972), and East Papua, Fiji, and Solomon Islands (Jakes 

and White, 1972) . Table 8 is a summary of Table 6 for the major 

elements. It shows the average composition of. the different rock types 

with respect to their major element chemistry for the Central Andean 

volcanic rocks. It can be seen that in Figure 37 (andesites) there 

is an almost perfect correlation between the SiO , Al o
3

, and CaO con-
2 2 

tents of the·andesites of the 3 Central Andean regions with those from 

island arcs. However the Central Andean andesites have higher Sr, Ba, 

Rb, Ni, and K
2

o values; and low V, Y ~~d MgO values; than comparable 

rocks from island arcs. With respect to FeO, Region 1 has a lower 

value than island arcs, and with respect to Fe
2

o
3

, Region 2 has a 

lower value than island arcs. In Figure 38 (dacites), sio
2 

and Al
2

o
3 

show an almost perfect correlation between the Central Andean dacites 

and those from island arcs. But in the Central Andes they have higher 

FeO, CaO, Fe
2
o

3
, K

2
o, U, Ni, Rb, V, and Zr values; and lower Y and 

Na
2

o values than those from island arcs. Also, the Sr values are lower 

in the dacites of Region 1 and 3, but equal in Region 2 to those of 

island arcs. 
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VlRIAlJLE CASES HEAN STDLlEv--_ 

SIOZ 13~ 58.4791 2.4606 
TI02 114 1.0516 .3896 --Al203 _______ 114___ J.6.7968 --------------1.0282 
FE203 114 3.3669 1•3590 
FED 114 3.1711 e4646 
MNO 114 .1136 .0390 

~GO 1!74------------~3~.7525------------~1~.6144---
CAO 114 6.2C92 1.0253 
NA20 135 3. 8631 • 5954 
K20 135 2.6009 .6838 -pzo 1.14 · .3622 ---·-- .2304 
LI 56 14.9643 7.1401 
AG 3 .2067 .1701 
SN 3 2.8667 1.5177 

-cA 11 16.0000 .8974--
PB 11 15.0000 7.0852 
ZN 26 94.0769 42.5919 cu 42 36.5952. 20.8409 e 3 I4.oooo Ir.oooo·--
BE 9 2.9444 3.4681 
KO 7 5.1429 3.5790 v 30 137.7000 51.9775 
ZR 42 193.1667 60.8569 

-·- N ·I · - - -- - ----- ~ - -- -- -- 50 - - ·- - -- - - 5 5 • 4 0 0 0 --- - 0 
- - -- - - -- --5 0 .-9 9 6 6 -

co 38 23.3947 7.9781 
Y 30 l9.v333 20.2425 
C E 3 q 9; 3 3 3 3 4-3-.- 8 7 8 6--
CR 25 92.0400 111.0527 
sc 26 31.1769 17.0335 
·SR 107 694.2991 190.5660 
BA 74 907.4730 378.6674 
RB 107 72.4393 37.4539 
u 33 1.8000 1.4804 
SRRATIO 22 .7069 .0007 
DIST 13-5 335. a-z·z·-z 111.577s--

DACITES 

VARIABLE CASES MEAN STO DEV 

SI02 86 64.1667 1.4695 
TI02 83 .7411 .1544 
Al203 83 16.4804 .6244 

---FE203 83 2.8945 - ----~--"-- -·--- ··----- 1.0310 - - --- -
FEO 82 1.7463 .9755 
MNO 83 .0828 .0366 
HGO 83 1.9635 .5620 
CAO 83 4. 4·53·c • 76--85 
NA20 86 3.8608 .7472 
K20 86 3.1472 .6045 
P205 82 .242 2 .0796 --,_ r-- 8 '21.7368 ---1. 0 • 57 2 0 - ---

AG 5 .1700 .1056 
SN 3 7.3000 6.6836 
GA 9 14.7778 2.5874 
PB Q 1912222 I2.-o6oo 
ZN 23 90.8696 26.1643 cu 29 23.7241 19.7537 
B 4 26.5000 9.1104 
R. • - "! !'- t"\r. .~817 _____ 
Ho 7 

:e:.., ~-=- •• -=:-

7.1429 4.0999 
v 18 95.8333 38.0483 
ZR 30 167.3667 48.7729 
NI 40 17.6750 21.2909 --co ·----~- ·-- ·- • - - - 2-7 --- -. --- _____ ..,- 11·.4815- --- ... ----- -·--·- ·---- - -4.5266--- --· --
y 19 10.89'17 7.2257 
CE 3 59.6667 82.6458 

--.c-R. 15 23-.-1-2 5o· 9.4452 
sc 16 13 .~8000 9.7284 
SR 62 524.1935 151.6782 
BA 48 ql2.1875 338.6091 
RB 61 114.5902 !14.4440 
u 27 1.9004 1.2212 
SRRATIO 7 .7066 .ooos 
DIST 86 322.~047 78.3347 
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CHAPTER 4 
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GENESIS OF THE INTE~lliDIATE VOLCANIC ROCKS 

The geochemical variations of the volcanic rocks of the Central 

Andes probably reflect the varying conditions of their genesis and 

paths of the magmas during their ascent and crystallization. Several 

models have been recently proposed to explain .the genesis of inter-

mediate volcanic rocks; these models have been reviewed by Thorpe et al. 

(1976) and Dostal et al. (1977). An attempt is made to see which model 

is most compatible with the data considered in the present thesis. 

Anatexis of the Lower Crust 

Pichler and Zeil (1969, 1972), and Fernandez et al. (1973) propose 

that the origin of the Andean andesites is the melting or partia.l 

melting of lower crustal rockse To support this idea Fernandez et al. 

(1973) point out the high Al content of most samples, and the high 

Zn values of 3 samples (among 20 other with relatively lower value!). 

In addition Fernandez et al. (1973) and Pichler and Zeil (1969) argue 

other petrologic and isotopic criteria. Pichler and Zeil (1972) con­

sider that the high initial 
87

sr;
86

sr values of the a~desites (.7051-

o7071) rule out a direct mantle derivation and that they support 

further a lower crustal origin. Thorpe et al. (1976) and Dostal et al. 

(1977) en contrar~ do not consider the ar~urr~nts presented above 

to be correct because: 

87 /86 a) the high initial Sr Sr isotopic data can be accounted 

for by the more-radiogenic character of the mantle in the 

Central Andes. 
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b) of the occurrence of similar andesitic rocks in island arcs 

that lack a pre-existing old continental crust. 

c) of the fact that a crustal origin would not explain the geo-

chemical variations noted across the Central Andes, which may 

be better correlated with depth to the Benioff Zone (albeit 

imprecisely and arbitrarily defined), ~uch as the K
2

o increase 

with depth to the Benioff Zone of Dickinson (1970)., 

Nevertheless, Dostal et al. (1977), Zentilli and Dostal (1977), and 

McNutt et al. (1975) recognize that the rising magmas may be contarn-

inated by crustal material to a small degree. In view of the arguments 

presented above, this model will not be discussed further. 

Amphibole-controlled Fractionation 

Green and Ringwood (1968) proposed that the partial melting of the 

basaltic oceanic crust metamorphosed to amphibolite can produce an 

andesitic liquidc This model according to Cos.tal et al. (1977} could 

apply to their samples of low Sio
2 

content occurring relatively close 

to the trench, but not to the more siliceous samples occurring farther 

away because the Benioff Zone under centers of volcanism far away from 

the trench is too deep to be in the amphibolite facies. This last 

statement is also shared by Thorpe et al. (1976)., Thorpe et al. (1976) 

also find the high K2o values of the dacites (over 3%) very difficult 

to account for by crystallization of a plausible proportion of amphibole. 

Furthermore, Dostal et al. (1977) and Thorpe et al. (1976) found that 



73 

the rare earth data also created problems for this mechanism. 

Eclogite-controlled Fractionation 

Anatexis of eclogite would be capable of yielding a melt of inter­

mediate composition according to Green and Ringwood (1968)o According 

to Dostal et al. (1977) a simple eclogite model cannot account for the 

light rare earth elements enrichment in the Andean volcanic rocks if 

the source material has the composition of oceanridge tholeiite. In 

contrast, Thorpe et al. (1976) say that the alteration of ocean floor 

basalt would have the effect of enrichment in rare earth elements. 

Even though this model may account for the major elements composition, 

it does not account for the trace elements composition of the andesitic 

lavas. DeLong (1974) proposed that eclogite represented the extreme 

anhydrous high-pressure transformation that oceanic tholeiite is likely 

to undergo in a subduction zone, and that partial melting of such an 

assemblage showed a very large range of K enrichment for 1 to 50 per­

cent melting, but that such an assemblage was deficient in Rb and Sr. 

The rocks of the Central Andes are invariably (except 1 or 2 samples) 

very enriched in these two elements. Also this model does not account 

for the high Ba values. 

Partial Melting of Hydrous Upper Mantle 

The experimental work of Kushiro et al. (1972), and Mysen and 

Boettcher (1975). suggests that andesite can be formed by less than 
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20 percent of partial melting of spinel- or garnet peridotite. However, 

Thorpe et al. (1976) noted that the experimental work of other workers 

indicate that andesite magmas are unlikely to be produced by partial 

melting of peridotite mantle at pressures greater than 10 ~b (35 km). 

It is estimated t~at the pressure at the mantle in the Northern part 

of the Central Andes is twice that noted above (i.e. 70 km depth). 

Nevertheless, Thorpe et al. (1976) note .that the rare eart data are 

consistent with such a mechanism of origin. Lopez-Escobar et al. (1977) 

indicate that if the andesites were produced by anatexis of peridotite, 

the Cr and Ni expected values of the andesites should be significantly 

higher (2200 and 1500 respectively) than they actually are; and that 

the expected Sr, Ba, ~~d Rb contents should be significantly lower (20, 

20, and 1 respectively) than they actually are. Also this model. cannot 

explain the enrichment of light rare earth elements. But if very low 

degrees of melting are considered (i.e. < 5 percent) this model could 

explain the behaviour of Cr, Ni, Sr, Ba, Rb, and light rare earth 

elements (DeLong, 1974; Thorpe et al., 1976). Such a low degree of 

melting is, ho'\•lever, considered not likely (Thorpe et al ~ , 1976) . 

None of the models reviewed above could explain fully the genesis 

of the Andean volcanic rocks. However, in order to account for the 

enrichment of some trace and rare earth elements in the Andean rocks, 

Thorpe et al. (1976) propose an enriched eclogite or extensive frac­

tionation involving garnet and clinopyroxene. And Dostal et al. (1977) 

propose an enriched upper mantle overlying the Benioff Zone, which 
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would partially melt (anatexis), due to the heat brought by felsic 

magmas rising diapirically, which have been produced by partial melting 

of eclogite. The combination of these two melts would produce calc-

alkaline magmas. In addition, the progressive dehydration of the 

oceanic slab as it is subducted would cause a decrease in the degree of 

partial melting with increasing depth of magma generation (Dostal et al., 

1977). 

Most of the geochemical variations across the Central Andes can be 

accounted for by the models proposed by Thorpe et al. (1976) and by 

Dostal et al. (1977). However none of the models could explain the 

behaviour of Na
2
o. As noted before Na

2
o in the andesites follow a 

positive linear relationship with distance from the trench in Region 3, 

and a negative linear relationship in Region 2, therefore whichever 

process is invoked involving the subducted oceanic slab and upper mantle 

to produce the magmas it is clear that it would have opposite effects 

in· two adjacent areas. A possible explanation may be that in Region 2 

the oceanic slab (transformed to eclogite) and the upper mantle are 

relatively depleted in Na-bearing mineral phases and in Region 3 they 

are relatively enriched. This depletion or enrichment of certain 

mineral phases might be controlled by varying degrees of partial melting. 
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GENESIS OF RHYOLITIC AND IGNIMBRITE ROCKS 

Zeil and Pichler (1969) studied the geological relationships and 

the mineralogy and petrology of the rhyolites of the Central Andes, 

and put forward a hypothesis for the genesis of those rocks. The 

hypothesis was that the lavas of rhyolitic composition were produced 

by anatexis of the upper crust possibly at a depth of 7-8 km. There 

has been since 1950 a large amount of research bearing on the fusion 

and crystallization of crustal rocks and of relevant synthetic systems. 

Noticeable are the discussions by Hinkler (1967), Pr~snall and Bateman 

(1973), and Willie (1977). Through this research, anatectic models 

using high H
2

o pressures to simulate pressure conditions several kilo­

meters deep into the earth have been created using the systems NaA1Si
3
o

8
-

KA1Si3o8-sio2-H2o, CaA12si2o8-NaA1Si-
3
o8:- 'K A1Si 3o8-sio2-H2o, and K20-

Al2o3-sio2-H20. The latter serves to tell' the influence of excess 

Al
2

o
3

, while the 2 former ones deal with common minerals such as plagio­

clase, orthoclase, and quartz, which are most abundant in granitic 

melts. The cha~ical analysis of 26 samples identified as rhyolites by 

the usage of Taylor (1969) (many of them have been classified as dacites, 

rhyolites and ignimbrites by their source of reference), indicate that 

all of them contain more than 85-percent normative Ab+~n+OR+QZ and 90 

percent of the rocks contain more thar1 80 per~ent norrn.J.tive Ab+OR~Z. 

If the upper crust of the Central Andes is of granitic composition, 



78 

Si0
2
-H

2
o provide an excellent chemical model for testing a model of upper 

crust melting by anatexis to produce rhyolitic meltso Four assumptions 

are necessary before testing the model: 

1) there is equilibrium between the different chemical phases 

in the samples under study 

2) in the case of ignimbrites, the pressure of the volatile 

components was greater than the confining pressure at the 

moment of eruption 

3) the composition plotted in the OR-Ab-QZ ternary diagram is 

at the liquidus surface 

4) the composition of the upper crust is granitic. 

Figure 39 is an Ab-OR-QZ ternary diagram in which the data on 

the "rhyolites" of the three regions have been plotted, and superimposed 

on it have been drawn on the projection of the isotherms and the co­

tectic line according to Winkler (1967) at 2000 bars of water pressure 

(nbte: this PH
2
o = 2000 refer to the pressure used in the experiments 

to simulate buried conditions). This diagram shows that the samples 

from Region 1 and 2 plot without much scatter and close to the cotectic 

line, between the 675 and 750°C isotherms. But two samples fall out­

side this range falling between the 750 and the 800°C isotherm. The 

samples from Region 3 show a larger scatter and fall between a wider 

range of isotherms (750-950°C) . This greater scatter shown by the 

samples of Region 3 may be a reflection of the wider range in values 

in Al
2
o

3
, K

2
o, and Na

2
) than in the other two regions. This in turn 
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FIGURE 39: 
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WE I G H T 0 /o 

2000 BARS H20 PRESSURE 

SYSTEM Si02-NaAJSi308-

KAISi308-H20 

E2 

Ab-Or-Q-H
2

0 system at 2000 bars pressure (after 

Winkler, 1967}. M = Ternary minimum. Dots represent 

the rocks of rhyolitic composition from Region 3. 

Crosses represent the rocks of rhyolitic composition 

from Region 2. Circles represent the rocks of rhyolitic 

composition from Region 1. 
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means that the upper crust in Region 3 may be less homogeneous than 

the upper crust in Regions 1 and 2. This argument may be supported by 

the experimental work of Winkler (1967), where he found that if at a 

given P H
2
o ratio of albite to anorthite (Ab/An) increased, the co­

tectic line moves .away from the quartz corner, and the ternary minimum 

(M) moves toward the Ab corner. Conversely, a decrease in Ab/An 

values cause the cotectic line to move towards the quartz corner and 

the ternary minimum (M) away from the Ab corner. Thus if all the 

assumptions stated, and the reasoning developed above are correct, 

then it appears reasonable to say that the rhyolites and ignimbrites 

of the Central Andes of Neogene-Quaternary age were produced by anatexis 

of the upper crust at a minimum depth of about 7 km (corresponding to 

2000 bars). However, Zentilli (1974) pointed out that (in some rocks 

of Region 3) the mineralogy of the felsic rocks indicate lack of equili­

brium. The heat necessary to melt the crust would come from the ascen­

ding, less felsic (Taylor, 1977), magmas. The range of A1
2
o

3 
in 85% 

of the rhyolitic rocks of the three regions is between 12 and 17 wt. 

percent; these high values of the alumina are interpreted as being an 

evidence of the anatectic origin of the rhyolitic magmas by Zeil and 

Pichler (1969). 
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CONCLUSIONS 

The present study shows that most of the Central Andean 

volcanic rocks of Neogene-Quaternary age are of a calc-alkaline 

character (K
2
0/Na

2
o < .95), but as the continent-ward distance from 

the trench to the sites of eruption is increased, these rocks gradually 

acquire a shoshonitic affinity (K
2

0/Na
2
o > .95). This transverse 

variation reflects the zonation of K
2
o across the Central Andes (which 

has been documented in the present thesis by means of the K-index) and 

a variation of Na
2
o. The Central Andean volcanic rocks under study can 

be considered mostly of intermediate composition (andesites and dacites) 

under the classifications of Taylor (1969) and Church (1975). Of these 

two types of rocks, the andesites display better the covqriation with 

distance. The Central Andean volcanic rocks must be divided into groups 

or regions in order to determine best what geochemical variations are 

present. 

Many elements varJ from north to south as well as transversly away 

from the continental margin. The variation across the Central Andes of 

some elements can possibly be correlated with crustal thickness: U, 

Li, and Rb. Other elements may be correlated with depth to the Benioff 

Zone, such as the case of K
2
o and other major it 

follows a linear trend with distance from the trench. The correlation 

with distance by. most of the major elements may be accounted for by 

varying degrees of partial melting of the upper mantle or of the 

eclogite source. And the correlation with distance by many trace 
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elements may be accounted for by the same process, but in many in­

stances crustal contamination (as with Li, U, and Rb above) could be 

the responsible process. Finally the ignimbrites (classified as 

rhyolites) show no compositional variations across the Central Andes 

perhaps due to the fact that they cover very extensive areas on account 

of their explosive nature. It is suggested in this study that they may 

have formed a depth of about 7 krn. 



84 

CITED REFERENCES 

Bateman, P. C. and Dodge, F. C., 1970. Variations of major chemical 
constituents across the Central Sierra Nevada batholith. 
Geological Society of America Bulletin, vol. 81, pp. 409-420. 

Bernascony, et al., 1969. Cornposicion quinica de las vulcanitas del 
grupo de Pocho. Cordoba, Argentina. Rev. Assoc. Gal., Torno 
XXIV, No. 3. 

Boetcher, A. L., 1973. Volcanism and orogenic belts - the origin of 
andesites. Tectonophysics, vol. 17, pp. 223-240. 

Chayes, F., 1966. Alkaline and subalkaline basalts. American Journal 
of Science, vol. 264, pp. 128-145. 

Church, B. N., 1975. Quantitative classification and chemical com­
parison of common volcanic rocks. Geological Society of America 
Bulletin, vol. 86, pp. 257-263. 

Clark, A. H., Farrar, E., Caelles, J. c., Haynes, S~ J., Lortie, R. B., 
McBride, S. L., Quirt, G. S., Robertson, R. C. R. and Zentilli, M., 
1976. Longitudinal variations in the metallogenic evolution of 
the Central Andes: A Progress Report. Geological Association of 
Canada, Special Paper, No. 14, pp. 23-58. 

Delong, S. E., 1974. Distribution of Rb, Sr, and Ni in igneous rocks, 
central and western Aleutian Islands, Alaska. Geochim. et 
Cosmochim. Acta., vol. 38, pp. 245-266. 

Dickinson, W. R., 1970. Relations of andesites, granites and derivative 
sandstones to arc-trench tectonics. Reviews of Geophysics and 
Space Physics, vol. 8, no. 4, pp. 813-860. 

Dickinson, W. R. and Hatherton, T., 1967. Andesitic volcanism and 
seismicity around the Pacific. Science, vol. 157, pp. 801-803. 

Dostal, J., Zentilli, M., Caelles, J. C. and Clark, A. H., 1977. 
Geochemistry and origins of volcanic rocks of·the Andes (26° to 
28°S). Contributions to Mineralogy and Petrology, vol. 63, pp. 
113-128. 

El-Hinnawi, E. E., Pichler, H. and Zeil, W., 1969. Trace element 
distribution in Chilean ignimbrites. Contr. Mineral. and 
Petrol., vol. 24, pp. 50-62. 



85 

Ewart, A. and Bryan, W. B., 1972. Petrography and geochemistry of 
igneous rocks from EUA, Tonga Islands. Geological Society of 
America Bulletin, vol. 83, pp. 3281-3298. 

Fernandez, C., Hormann, P. K., Kussmaul, S., Meave, J., Pichler, H., 
and Subieta, T., 1973. First geologic data on young volcanic rocks 
of s. W. Bolivia. Tscherm. Min. Petr. Mitteilunge.n, vel. 19, 
pp. 149-172. 

Guest, J. E., 1969. Upper Tertiary ignimbrites in the Andean Cordillera 
of part of the Antofagasta Province, Northern Chile. Geological 
Society of America Bulletin, vol. 80, pp. 337-362. 

Hormann, P. K., Pichler, H. and Zeil, W., 1973. New data on the young 
volcanism in the Puna of N-W Argentina. Geol. Rundschau, vol. 
62, no. 2, pp. 397-418. 

Hutchison, Ch. S., 1976. Indonesian active volcanic arc: K, Sr, and 
Rb variation with depth to the Benioff Zone. Geology, vol. 4, 
pp. 407-408. 

Irvine, T. N. and Baragar, w. R. A., 1971. A guide to the chemical 
classification of the co~~on volcanic rocks. Canadian Journal 
of Earth Sciences, vol. 8, pp. 523-548. 

Jakes, P. and White, A. J. R., 1971. K/Fb ratios of rocks from island 
arcs. Geochim. Cosmochim. Acta, vol. 34, pp. 849-856. 

Jakes, P. and White, A. J. R., 1972. Major and trace element abun­
dances in volcanic rocks of orogenic areas. Geol. Soc. of 
America Bull~tin, vol. 83, pp. 29-39. 

James, D. E., Brooks, Ch., and Cuyubamba, A., 1976. Andean Cenozoic 
Volcanism: Magro~ genesis in the light of Sr isotopic composition 
arid trace element geochemistry. Geol. Soc. of Arr1erica Bulletin, 
vol. 87, no. 4, pp. 592-600. 

Kausel, E. and Lomritz, C., 1968. Tectonics of Chile. Pan-American 
Symposium on the upper mantle, vol. 2, pp. 47-67. 

Kushiro, I., Shimazer, N., Nakamura, Y., and Akimoto, s., 1972. Com­
position of co-existing liquid and solid phases formed upon melting 
of material garnet and spinel L~erzolites at high pressures: 
A Preliminary Report. Earth and Planetary Science Letters, vol. 
14, pp. 19-25. 



86 

Kussmaul, S., Hormann, P. K., Ploskonka, E., and Subieta, T., 1977. 
Volcanism and structure of southwestern Bolivia. Journal of 
Volcanology and Geothermal Research, vol. 2, pp. 73-111. 

Lopez-Escobar, L., Fr~y, F. A., and Vergara, M., 1977. Andesites and 
high-alumina basalts from the Central-South Chile high Andes: 
Geochemical evidence bearing on their petrogenesis. Contributions 
to Mineralogy and Petrology, vol. 63, pp. 199-228. 

McNutt, R. H., Crocket, J. H., Clark, A. H., Caelles, J. C., Farrar, 
E., Haynes, s. J., and Zentilli, 11., 1975. Initial 87sr;86sr 
ratios of plutonic and volcanic rocks of the Central Andes between 
latitudes 26° and 29° South. Earth Planetary Science Letters, 
vol. 27, no. 2, pp. 305-313. 

Miyashiro, A., 1973. 
in an island arc. 
pp.· 218-224. 

The 1froodes ophiolitic complex was probably formed 
Earth and Planetary Science Letters, vol. 19, 

Miyashiro, A., 1975. Classification, characteristics, and origin of 
ophiolites. Journal of Geology, vol. 83, pp. 249-281. 

Mysen, B. 0. and Boettcher, A. L. 1975. Melting of a hydrous mantle: 
II - Geocher:-,istry of cr.fstals and liquids formed by ana texis of 
mantle peridotite at high pressures and high temperatures as a 
function of controlled activities of water, hydrogen, carbon 
dioxide. Jour. Petrol., vol. 16, pp. 549-593. 

Oyarzun, J., Villalobos, J., 1969. Recooilacion de analisis qulmlcos 
de rocas Chileanas. Publication No. 33, 44 pp., Department of 
Geology, Universidad de Chile. 

Palacios, C., Oyarzun, R., 1975. Relationship between depth to 
Benioff Zone and K and Sr concentrations in volcanic rocks of 
Chile.. Geology, vol. 3, pp. 595-596. 

Peacock, H. A., 1931. Classification of igneous rocks. Journal of 
Geology, vol. 39, pp. 54-67. 

Pearce, T. H., Gorman, B. E., and Birkett, T. C., 1977. The relation­
ship between major element chemistry and tectonic environment of 
basic and intermediate volcanic rocks. Earth.and Planetary 
Science Letters, vol. 36, pp. 121-132. 

Pichler, H., and Zei1, W., 1969. Die quartar andesit-formation in der 
hochkordillere nord-Chile. Geologische Rundschau, vol. 58, 
pp. 866-903. 



87 

Pichler, H., and Zeil,.w., 1970. Chilean "andesites"- crustal or 
mantle derivation? International Upper Mantle Project, Buenos 
Aires, 1972. 

Pichler, H. and Zeil, W., 1972. The Cenozoic Rhyolite-Andesite 
association of the Chilean Andes. Bull. Volcano!., vol. 35, 
pp. 424-452. 

Presnall, D. c. an.d Bateman, P. C., .1973. Fusion relations in the system 
NaA1Si

3
o

8
- CaA1

2
si

2
o

8
-NaLSi

3
o

8
-sio

2
-H

2
o and generation of granitic 

magmas in the Slerra Nevada bathollth. Geological Society of 
America Bulletin, vol. 74, pp. 3181-3202. 

Siegers, A., Pichler, H. and Zeil, W., 1969. Trace element abundances 
in the "andesite" formation of northern Chile. Geochim. Cosmochim. 
Acta, vol. 33, pp. 882-887. 

Sillitoe, R., 1976. Andean mineralization: a model for the metal­
logeny of convergent plate margins. IN: Metallogeny and Plate 
Tectonics {ed.) D. F. Strong. Geological Association of Canada, 
Special Paper, no. 14, pp. 59-100. 

Streckeisen, A., 1967. Classification and nomenclature of igneous 
rocks. N. Jb. Mineral. Abh., vol. 107, pp. 144-240. 

Taylor, S. R., 1969. Trace element chemistry of andesites and associated 
calc-alkaline rocks. Proceedings of the andesite conference 
International upper mantle project. Scientific Project 16. 
Published by State of Oregon (USA), Department of Geology and 
Mineral Industries, pp. 43-64. 

Taylor, S. R., 1977. Island arc models and the composition of the 
continental c·rust. IN: Island arcs, deep sea trenches, and 
back-arc basins. Edited by Manik Talwani and Walter c. Pitman III, 
Maurice Ewing Series 1, American Geophysical Union. 

Thorpe, R. S., Potts, P. J. and Francis, P. w., 1976. Rare earth data 
and petrogenesis of andesite from the north Chilean Andes. 
Contributions to Mineralogy and Petrology, vol. 54, pp. 65-78. 

Wager, L. R. and Deer, W. A., 1939. The petrology of the Skeagard 
intrusion, Kangerdlugssuag, East Greenland: Meddl. om Gronland, 
vol. 105, pp. 1-352. 

Warren, J., Carter, D., 1974. Determination of trace amounts of Cu, V, 
Cr, Ni, Co and Ba in silicate rocks using flame atomic absorption. 
Spect. Can. J. of Spect. 



88 

Willie, P. J., 1977. Crustal Anatexis: an experimental review. 
Tectonophysics, vol. 43, pp. 41-71. 

Winkler, H. G. F., 1967. Petrogenesis of metamorphic rocks. 2nd 
edition, 237 p. Springer-Verlag, New York, Inc. Pub. Co. 

Zentilli, M., 1974. Geological evolution and metallogenic relationships 
in the Andes of northern Chile between 26° and 29° South. Ph.D. 
thesis, Queen's University, Kingston, Ontario, Canada. 

Zentilli, M., Dostal, J., 1977. Uranium in volcanic rocks from the 
Central Andes. Journal of Volcanology and Geothermal Research. 
No. 2, pp. 251-258c 



89 

APPENDIX A 



90 

NOTE FOR TABLE 1 a, b, c 

REGION SAMPLE 

Region 1 58 to 65, 125 to 231 

Region 2 1 to 36, 100 to 104, 108 to 110, 
113 to 124, 267 to 270 

Region 3 37 to 57, 66 to 99, 105 to 107, 111, 
112, 232 to 266 

Note also that in these tables a zero was printed where there 
was no data. 
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SOURCES OF THE DATA 

Reference No. Author 

1 .................... Zenti11i, M. 1974 

2 ••••••••••••••••••• cae11es, J. 1978 (unpublished analyses} 

3 •••••••••••.•••••• o Thorpe et al. 1976 

5 ••••••••.•..•.•••• 0 Oyarzun and Villalobos 1969 

6 •• •o•••· ............ o Horman et al. 1973 

7 ···••o••········•o• Bernascony et al. 1969 

8 .. • • .. • . . • . • . . . . . • • • . James et al. 1976 

9 .................... Zentilli and Dostal 1977 

10 •••••oo••·········· Guest, J. E. ·1969 

12 ............... o ••• o • Siegers et al. 1969 

* Reference No. 11 does not exist 

KEY TO NAHE ABBREVIATIONS IN TABLE la, b, and c 

a) Lat-Ande e • • o • o • o o o Latite-Andesite 

Ande-Lav ••••••••• 0 Andesite-lava 

Rhyodaci ., 0 •••••• 0 Cl Rhyodacite 

Qtz-Lat 
~·-=-~· .. ··~ f"''n ;:n··t- 7 latite :.::.----

R-dacite •••••••• 0 • Rhyolitic dacite 

Ignimb •••••• 0 ••• Ignimbrite 
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b) Argnt ••••. Argentina 

Bol Bolivia 

c) Pleist Pleistocene 

M-Mio Middle-Miocene 

L-Mio Lower Miocene 

U-Mio Upper Miocene 

Quaternat Quarternary 

Plio-Quat Pliocene-Quaternary 

U-Plio Upper pliocene 

MODIFICATIONS TO THE DATA 

1. The data for references No. 3, 4, 5, 6, 7, 9, 10 and 12 wa$ 

adjusted volatile free 

2 Th 87 /86 . . . f 8 h b d d • e Sr Sr rat~os g~ven ~n re erence No. ave een recor e 

to 4 significant figures& 

3. ~ne K values ·reported in reference 8 were recalculated to K
2
o 

4e Na
2
o for reference 8 was calculated according to the formula: 

= 

where K* 

[(K 0- K*)/(K*)] 
2 



TABLE 1 A: Chemical data for the major elements. All values of the oxides are in weight percent. 

In addition in this table nppear a code numbor (Nt1BR); sample number as in the publication; t:he source 

of reference (Ref); and the latitude and th.:~ longitude of the geographical locatie>n of the sample. 

Ni.fBR SJ\MPLE REF. LAT. LONG. Si02 Ti02 Al203 Fe203 FeO MnO HgO CaO Na20 1<20 P205 

1 z 
3 .. 
5 

--~--
·e 
9 

10 
11 
12 
13 

·i~ 
16 
17 
18 
19 
20· 
2·1 

~~ 
Zit 
2 5 .. 

~~ 
26 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

• 40 
41 
lt2 
43 .. , 
lt5 

'47 
~a 
49 

~~ 
52 
53 
~; 
56 
~1 

Z06 1 265300 
Z07 1 265320 
zoe 1 265400 
Z09 1 265430 
Z011 l 265430 
ZOl 26~400 
Z 04 ----1 --- 26~· 5 Hi ·-· 
Z03 1 265600 
Z0904 1 265100 
Z804B 1 265100 
Z809 l 264J20 
Z6~2 1 2~5330 
Z670 1 270b00 
z 6 7 1 --- - l 2 7 0 ~ 0 0 Zb73 270310 
Z669 l 270500 
Z66B· Z7023C 
l6b1 1 270240 
ZB13 1 2649~0 
1814 1 264940 
ZB15 l 264940 
JC-49 · z z~r.roo JC~5o ---z -·-· zt;~0uc· -
JC25l Z 265300 
JC252 Z 265400 
JC254 Z 265h00 
JC6 Z 2~0200 
JC?7 2 204100 
JC15S· Z 284500 
JC30 Z 271900 
JC31A Z 271700 
JC41 2 271700 
JC47B Z Z7170C 
JC77A Z l72jL0 
JC193 2 272300 
JC194 2 272400 
l84A 3 215400 
~lA 3 2.15400 
284A ---3 21~400 
54A 3 21~4CO 
17~A 3 215~00 
l67C 3 21;400 
166A 3 215400 
l46C 3 211400 
l68A 3 2l54UC 
l94C 3 21460C 
280A 3 21540C 
196A 3 21~400 
176A 3 2\54~0 
Z83A 3 215;oo 
648 ---· 3 215 1100 
2d7A 3 215400 
170A 3 215400 
487A 3 215400 
482C 3 215400 
SbA 3 Zl5400 

682330 61.05 .e7 16.03 2.3, 3.20 ,z3 1.96 5.35 
682500 61.95 .79 16.8) 4.97 .43 .22 2.00 4.90 
682600 60.35 .84 16.60 3.20 2.50 .zz 2.45. 5.27 
682430 64.80 ,75 16.45 1.39 2.09 .2~ 1.5o 4.53 
6828~0 71.75 .76 11.20 4.25 .zo .19 2.0~ 4.05 
6fl3730 ______ 57.60 ____ le08 _ 16.'15 1.55 4e70 .23 3.40 6.5(; 
6 8 4 53 0 60. 3 5 • 8 3 .. 1 7. 50 . -·-· 2. 59 -- 2. 50 ----- • 2 z ---·· z. 3?. 5. ~ 5 - .. 
604b30 62.65 .eo 17.30 4.92 .40 .o5 .eo 4.12 
69uJzo 62.40 .66 16.70 3.99 ~68 .o7 2.5o t.oo 
~9ol~o 62.20 .~e 11.00 4.32 .34 .21 1.57 6.oz 
690320 70.00 .17 }4.1~ 1.15 .05 .17 .?5 1.00 
6923JO 72.43 .14 13.zo .• 12 .34 .oe .41 1.oo 
690)to b2.90 .~4 11.o~ 1.64 z.o~ .o6 I.5o 4.9o 
6906JU 62.10 e63 17.16 3,67 .4~ .01 1.4~ 5.60 
b907Lo bb.l~ .38 l6.~o 1.12 .32 .o4 .eo 3.4A 
690430 ~7.~0 .87 11.10 3.06 2.15 .oa 2.02 6.40 
6913~0 50.60 .11 1~.oo 4.52 .21 .01 2.38 6.24 
6Q0330 59.~0 ,77 10.01 Za53 J•93 e07 2.00 6alt 
69l~Ju b3.5u .64 17.50 3.77 .oa .19 1.12 4.Y5 
691510 6S.05 ,60 16.50 2.87 .33 ,05 e75 4.42 
691530 6~.40 .60 16.60 2.16 .94 .04 1.32 4.37 

~ 8 1 53 3 · · ~A: 4 g --- : 9 ~ · --- l g: ~ 1· ~: g ~ 3
: ~ g ------ : ~ i --· ~: ~ ~ ~: ~ g · 

6006JJ 60.89 .oz 15.95 3.63 2.13 .09 3.46 5.97 
680400 83.09 .31 lO.C7 .10· .89 .ol .62 .21 
6803JO 83.42 ,24 6.0l 2.62 ,74 .02 ,50 .1 
674SJO 75.16 ,37 15.05 .a2 ,63 .o1 .• 26 .32 
67~200 63,23 e57 ]7,92 1,33 2.72 e22 le34 5a68 
6 1 3 5 .J o 10 • 56 • 4 2 1 5 • 2 n 1 • 3 1 1 • 813 • o t~ 1 • 1 2 3. 5 2 
664JJU 51.48 1.56 16,Ul 2,14 6,65 el9 4.15 9,98 
6 6 4?. .) 0 6 0. 4 2 -·--· • 54 1 7. lit 3 • 9 7 • 4 4 • 0 1 • 9 3 1 • 1 3 
6 f, '• 2 1) 0 6 3 • 0 6 • 74 l 5 • 0 ~i 4 • 0 ? 1 • 0 7 • 1 1 2 • 2 3 7 • 1 4 
6&J6UO 63.63 .75 l6.U~ 1.16 3.2~ .17 2.51 5.34 
6tJ'•l·)O · 5u.tl7 1.38 17·'•7 6.37 3.54 .16 4,34 10.13 
66l9JO 61.24 .79 19.18 2,05 2.85 ,23 ,73 3.96 
661110 61.11 .84 17.31 3.01 2.06 .19 1.59 4.47 
682300 63.80 .64 16.23 1.32 3.39 ,07 Z.58 4.67 
6B23JO 64.42 ,79 15.34 1.A4 2,Y5 ,07 2.4~ 4.25 
.602~)0 63.92 .66 16.,,1 2.0'~ 2.49 .07 -· 2.2'2 4.53 
6023JJ b5.51 .53 11.20 1.16 1.51 · .o5 1.6B 3.96 
6U23JO 64.03 .t4 16.56 2.13 2.34 ,07 2.37 4.51 
6H21JO 64.~6 .60 17.36 z.oa 2.41 .oa .99 4,45 
6623)0 64.76 .~6 16.11 1.91 2.~3 .07 2.40 4.21 
602~00 6~.20 ,74 14.77 2.30 2.89 ,09 2.51 5.30 
682300 67.57 .47 16.38 1.39 1.12 .05 1,09 3o37 
6BZ~Jo 55.52 .67 18.39 4.36 3,03 .15 4.o~ e.ob 
68Z3Ju 5t.64 .92 16.98 1.21 5,93 .12 ~.71 1.02 
6823JO 57.07 .~6 16.75 1.6~ 5,13 .11 5.84 7.09 
6823JO 58.48 .77 16.14 2,07 4.49 .11 5.74 6,43 

3.62 
3.60 
3.47 
3.90 
3.50 

2.66 
3.17 
2.95 
3. ( 5 
1.43 

3.63 
3.64 --:-

2. 1 s 
z.3~ 
2.37 3.80 

3.94 
3. 3 4. 
1).53 
3.v7 
3.99 
),Qq 
4.32 
3.01 
3.95 
4.62 
4.7) 
3.06 
4.2~ 
4.Cl 

1.72 
l.Q5 
4 ,I,.) 
4.7':> 
2.43 
2. 3 1 
z.s'3 
1. 71 z.u7 
1.78 
2.1) 
2.25 
2.42 

3. 50 -· 
2.8-3 
2.64 
2.93 3.89 

3.57 
2.23 
1.33 
4.az 
4.54 
4.26 

.22 
2.26 
Z.'i~ 
2.45 
4.aa 
4.63 
4.2A 
!;1,12 
4.27 
4.59 
4.22 
4.46 
4.06 
4.5') 
4.56 
3.03 
3.60 
3.63 
3.70 
3.78 

1.03 
2.75 
6.02 
1.99 
1.12 
2.?4 
6.9'3 
3.(19 
3.03 
2.79 
3.81 
3.60 
2.87 
2. 5) • 
z.(n 
2.ea 

• 2. 9 4 
2.7Z. 
3.06 z.;o 
3.25 

6823)0 50.72 .97 17.17 1.78 4.61 .09 3.97 6.58 
6023JJ 513.53 .. 77 ·-·16.62. ·--·2.35 .. --·-1,,04 -----.10 ---:4.99 .. ~-- 6.43 -·-· . 3. 7 5 

.93 
1.67 
l.t~ 
1.89 
2..C6 
2.32 
2.11 
2..?~ 
2.39 
2.61 
z.q5 

6821JO ~4.14 .137 17.49 2.?.0 3,9'1 .09 3.62 6.3(; 
6823JO ~9~5b .06 18.09 1.~6 3.63 .00 2.72 ~.13 
6023JO 61.65 ,68 17.9Z lo63 3~~4 .09 2.20 5.22 
6823)0 61.66 .79 17.56 1.66 3.75 .12 1.97 4.61 
681430 62.61 .76 16.79 z.2a 2.99 .oe z.~3 5.~2 

3.80 
4.4J 
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4.90 
3.22 
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58 M71 5 181500 691500 59,66 e85 17,79 4.23 2,09 e14 2.40 6e79 

-~~-----~~57---~-----l~l ~gg--g~l§88---gij:~~-----,-:6l--ll: ~z---i:~s---- ~: ~!-----: l~--- ~= ~f------ ~=~~ 
61 M~l 5 181500 6915)0 62.20 .87 16,59 ?..37 2.70 ,12 2.70 4,64 
62 M70 5 181500 6915JO ~7.43 1.07 17.78 2.16 4.29 .zo 3e43 6.52 
63 ~200 5 181500 691510 71.16 .47 14.67 1.93 .66 .04 .76 1.81 
64 M74 5 181500 6915JO 71.49 .32 14.92 1.89 .58 .04 .65 1.57 
65 M76 5 181500 6915JO 73.80 .21 14.14 1.21 .26 .04 e40 1.01 
66 I7 4 224100 6715JO 74.46 .31 13.98 .96 .53 .os .34 1.29 
67 16 4 215500 674iJO 67,73 .5? 15.77 3,35 .04 .01 1.19 3.12 
68 15 ------4 222rJOO 6723JO tJ7.64 -------.94 15.86 J.55 ,36 .05 1.26 3,70 
69 14 4 ~22600 670~00 68.10 e64 16.08 2.00 • le11 e70 le51 3.91 
70 13 4 221100 673200 64.54 1.02 16.09 ],04 1.92 .10 2.12 4.92 
71 Il 4 l15400 665300 70.85 .67 14.43 l.9~ .79 .03 1.24 2.69 
72 18 '4 ·.~13400 675700 t7.'d7 .72 15.24 2.75 .87 e06 1.58 3.C7 
74 L2 4 221000 67laoo 61.29 1.13 16.21 :.55 4,43 .o8 4.23 5.to 
75 l3 4 214HOO 6bl5JO 69.66 .45 16.18 .34 2.25 ,03 .97 2.12 
76 L4 4 Z154oo 6~5310 t3.64 .9a 11.13 ~.34 1.52 .oe 2.1~ 5.o9 
7 7 . -- L 5 ---- 4 :215 4 o o . 6 6; 3 o o 6 5. 13 5 ----- • 8 7 - 16. 53 ?. • 6 4 ·- 1. trJ .• 0 5 1 • ~ 6 3. 9 2 
78 L6 4 220200 6715JO 65.06 1.33 15.B4 1.44 3.70 .oa · 2.12 4.21 
79 L7 4 213400 675700 69.39 .59 15.25 .93 2.32 .05 .85 2.82 eo L~ 4 221100 6723oo 65.26 1.06 16.74 .92 3,21 .o6 1.92 4.56 
e1 L9 4 2059oo b~seoo 63.02 1.1e 16.60 3.78 1.90 .or 1.95 5.17 
82 LlO 4 22260C 670~00 64.06 .62 16.27 1.19 4.14 .09 2.53 5.05 
83 ll1 4 215500 674BJO 64.33 a86 16.60 ~.19 2.33 e08 1.07 4.58 
8 4 l l Z 4 ::! 2 3 50 0 6 7 1 B J 0 61 , 11 1 • 21 1 7 • 54 1 • 6 2 '• • h 2 • 0 9 3 , 1 2 5 • 4 B e 5 Ll3 ~ -- 4 - ;:! z 4 o o o 6 1 4 9 J o 6 1 • 1 4 1 • 2 2 1 6 • 2 4 ~ • 1 o 4 • 2 o • 1 o 2 • 1 z 5 • A 1 
8 6 L 14 4 :n 2 9 o o 6 i) o 5o o 6 3 • " 1 • c;n 1 6 • 4 5 s~ • 4 s 2 • 2 5 • o 1 1 • 1 · ~ 4 • 4 1 
87 ll5 4 212600 6805JO 64.~7 .87 16.21 1.91 2.60 •07 2.12 4.31 
88 Ll6 4 224eoo 675200 64.48 .e5 15.50 1.12 3.3a •U9 2·86 5.25 
69 Ll7 4 225100 6750l0 57.29 1.40 18.58 ~.56 4.63 .1~ 2.71 8.01 
90 Ll8 4 213600 6653JO 55.17 1.14 15.56 .79 7.57 .13 8.09 7.48 
96 4-27 6 241700 662710 ~4.58 1.76 14.06 1.87 5.75 .12 7.17 7.62 
97 4-26 6 241700 662700 53.27 1.82 14~98 ~.09 6.15 .13 - 7.68 6.73 
98 4-29 ___ 6 i~41700 6627.)0 --54.37 1.64 14.74 2,5'3 4,H7 .12 7.61 6.14 
99 4-37 6 234~00 6657)0 56.84 1.46 15.92 2.75 4.65 .10 5.37 6.52 

100 · 4-49 6 ~6o5oo 6713oo 52.78 1.45 16.14 1.85 6.63 .13 1.13 a.ca 
101 4-50 6 260500 6713)0 52.79 1.42 15.98 1.R7 6.69 .14 7.15 8.23 
102 4-57 6 2606UO 671400 54.36 ·1.43 16.35 2.08 5.82 .13 6,98 t,98 
103 4-58 6 260600 6714)0 54.52 1.41 16.14 2.05 5.80 .13 6.94 7.16 
104 4-59 6 ~60600 671400 54.40 1.45 16.40 2.02 5.84 .13 ~.99 7.11 
105 4-68 6 245100 6614)0 51.87 1,52 15.05 3.72 4.47 .14 8.73 7.29 
1 0 6 4-6 9 ---b- -- ? it 5 10 0 b 614 {) 0 ~--- 5 1. b 1---l • ~ 1 -----1 5 • 81 -- 3 • 81 ·-- 4 • 3 6----. 14 -- 8 • 7 6 ·-·---- 7. 2 7 
107 4-70 6 245100 6614JO 50.88 1.40 15.00 5,93 2.58 ,13 9,92 7,65 
lOB 4-46 6 251900 671700 55.15 1.24 15.78 6.87 .74 .13 6.27 f.23 
109 4-47 6 i~51900 671700 55.41 1.26 15.90 2.34 4.~5 .12 6.66 7.92 
110 ~-48 6 260400 6714J0 62.84 .88 15.47 ?.03 3.51 .07 3.15 5.46 
Ill 4-30 6 ?.41200 6634)0 60.17 1.07 15.37 1.96 4.1~ .09 5.09 5.72 
112 4-66 6 ;~40600 6630:>0 58.30 1.35 15.83 2.08 4.29 .10 5.13' 5.80 
113 4-60 6 255700 6715JO 69.58 .33 15.91 2.58 .21 .04 1.19 _ 2.96 
11 4 --- 1 ----7- 3 11 8 0 () 6 5 1 4 J 0 4 8 • 2 4 --· 1 • 3 9 --- 1 7 • 1 0 --- 6 • 6 3 -- 2 • 71 ----. 16 ---- 5 • 4 2 --1 0 • 2 2 
115 2 1 31lsoo 651400 50.65 1.67 11.29 5,75 3.50 .o~ 3.s8 8.81 
116 3 7 3118~0 6514JO 50.68 .72 18.44 8,34 .40 .10 4.01 ~.68 
117 ____ 4 ______ 7 311800 6514JO 51.78 ____ l.C4· 16.45 2.80 3.55 .15 5.06 8.41 
271 5 1 311RUO 6514JO 53.06 1.~6 17.63 7,15 .7~ .11 4.22 7,03 
118 6 7 311800 651400 55.78 .52 17.87 4.47 3.15 .07 2.70 7.54 
119 7 7 311800 651400 ~6.43 ,42 16.85 3.48 2.32 .15 2.7S 6.93 
120 8 7 31190C 6514JO 56.43 .57 19.41 3.50 1.57 .12 1.85 6.29 
121 9 7 31180C 6514JO 57.39 .60 19.84 2.34 2. 34 .17 1.66 5.82 
122 10 7 311800 6j14JO 60.10 ,86 10.4B 1.42 ,H5 .03 2.20 5.12 
123 11 7 311800 651400 62.67 .67, 15.64 2.06 1.01 .10 1.86 4.17 
124 . 12 7 ~llAOO 6514JO 47.19 le53 17.55 6,05 1.8~ .17 3.65 14.02 
125 P£23 8 1.61700 713:;;)0 57.30 .(1,(() 0.00 (1,00 0.0·) O.OC. L.vO C.CO 
126 PE24 a 1617oo 713~oo 5e.Jo ~o.oo o.oo o.oo o.oo o.oo o.a~ o.cu 
121 PE25 a lt17GO 713~JC 58.30 o.oo o.oo o.oo c.oo o.on o.cJ c.co 
128 PE26 a l617oo 71J~Jo 56.10 o.ra o.oo o.uu o.oJ o~oo o.oo o.oo 
1 2 9 P E 27 6 1 61 [. 0 0 71 1t 0 0 0 ~ C • 7 u 0 • C o · 0 • 0 0 C , 0 0 0 • oO 0 • 0 0 C • 0 0 , (, • 0 0 
130 PE28 e 1.61600 7lltO\)O 56.90 o.orf o~r,o o.oo o.oo o.oo c.vo t.oo 

I o 

3.88 
4.10 

---4.07 
4.35 
4.14 
4.25 
4.02 
3.t35 
3.31> 
3.:)7 
2.55 
2.94 
2.92 
2.25 
3.16 
3.04 
3.91 
2.31 

--··2.33 
2.24 
2.Q6 
2.50 
2.!;4 
2.1 0· 
3.26 
2.41 
2.95 
4.37 
4.0Q 
3.54 
3.06 
2.27 
2.77 
z.7ij 
2.95 
3.41 
3.72 
3.72 
3.47 
3.46 
3.39 
3.05 
3.08 
3.02 
3.28 
3.17 
3.47 
3.21 
3.37 
4.03 
3.83 
4.28 
4.93 
4.33 
3.33 

· 4. flO 
5.76 
5.58 
5.68 
6.01 
t-.24 
4.81 
4.27 
3.43 
3.6Q 
4.07 
4.16 
4.21 

2.27 ,'31 z.c:,s .• ,? 
2 • 8 3 ---·· ---- • 4 1 
3.12 .~ ... 
2.5'3 .4, 
4.07 .11 
4.04 .1~ 
4.97 ,n1 
4.ta ,rn 
4.43 ell 
3. t3 2 • ,., 
3.':15 ell 
3.19 .1-; 
3.94 .1~ 
4.?4 ,]') 
2.74 .?t 
3.94 .1~ 
2.75 (\,")') 
4.(.'~ .• ,., 
3.78 ,,,. 
4. ~· 8 • 1 4 
3.55 .1"> 
3.51 .~7 
3.2.C, .11 
3.75 .1~ 
2.52 ·'~ 
2.30 .1"> 
3.C5 ,,q 
3.0~ .l~ 

2.24 ·"'" 1.44 .11 
1.59 .• lr> 
3.57 ,7? 
3.t.1 .7"> 
4.11 . - ,cp 
2.55 .4~ 
1.72 ,4 7 

1.65 .17 
2.06 .~, 
2.06 .~? 
z.o4 .·n 
3.34 ,q? 

----3.31 ------.Q, 
2.92 .7~ 
2.06 ·'"> 
1.9j .. .'?~ 
2.85 .?5 
2.79 .~4 
3.22 ·'>' 
3.59 .14 -----2.A2 ----},l')q 
4.05 .')7 
3.~1) .11 
3.8~ 2.44 
3.01 1.71 
3.08 ·'4 
4.t-7 ·"" 
4.63 _,1)4 
3.92 • ~' 
4.55 .07 
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1.55 1.1~ 
2.73 o.:,, 
2.51 (\,')') 
2.t.1 ,,,.,,., 
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2.24 "·"'" 
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131 PE29 8 161600 714000 56.80 0.00 OeOO 0.00 0.00 0.00 0.00 0.00 4.07 2.19 O.O, 
-l ~ ~-- ~ ~~g- 3 --l~l~88. - ~1~~88 ---- ~~: ~g ··--8: 88-----8:88----8:88--- g: gg --- g: gg --- 8: gg ---- g: 88- - ~= l~ ----- ~: i5 -· --~ g: ~~ 
134 PE47 8 161600 713100 59.40 0.00 0.00 0.00 0.00 0.00 0.00 o.co 4.35 2.78 -n.~1 
135 PE48 8 16lboo 713luO 58.70 o.oo o.oo o.oo o.oo o.oo o.oo o.oo 4.44 2.84 o.~, 
136 PE49 e 161600 713100 59.oo c.co o.oo o.oo o.oo o.oo o.oo c.to 4.35 2.19 o.,, 
137 PE80 8 16213C 712000 61.20 0.00 0.00 0.00 0.00 0.00 0.00 C.OO 4.40 2.37 n.o1 
l3B PEa1 8 1621oo 711930 56.70 o.to o.oo o.oo o.oo o.oo c.oo o.oo J.Gz 1.8a o,o, 
139 PE82 8 l6210G 711~30 60,10 0.00 0.00 0.00 O.uo 0.00 0.00 o.oo 3.85 2.26 n.,, 
140 PE83 a 162100 711930 64.00 0.00 o.oo o.oo o~oJ o.vc o.co c.o~ 5.01 2.94 n.~, 
141- PE1za--·a 172600 1oo1oo 55.70 o.oo o.oo o.oo o.oo o.oo o.oJ c,.oo ~.39 1.9~ n.,., 
142 PE129 8 172600 7001JO 6t.GO 0.00 0.00 O.CO 0.00 0,00 0.00 c.oo 3.58 2.10 0.~1 
143 PE130 8 172500 7000JO 57.40 O.C.O 0.00 0.00 0.00 0.00 O.JO (,,{JO 3.~9 2.C2 O.fl1 
144 PE13l 8 172400 6?50JO 59.50 C.LO 0.00 0.00 0.00 O.OC 0.00 C.Oo 3.69 2.~6 ~.,1 
145 PE132 8 17?200 6955JO 59.70 0.00 0.00 0.00 0.00 0.0C 0.00 ~.Ot 3.~3 2.~6 ~.~, 
146 PE144 t 8 164100 7C29JC 58.80 0.00 0.00 0.00 0.00 0.00 C.oo 0.00 3.57 2.92 ~.11 
147 PE145 a 165200 703loo 62.40 o.co o.co o.~o o.uj o.oo o.0o <,.ro 4.13 z.o9 ~.n1 
l 4 a . P E 1 4 6 ---· a 1 f) ~ 4 ,) o 1 o 3 2 , ) o 6 3 • o o o • o o . o • o o o • o o o • o o o • o o () • o 1) o • c· o 3 • 9 6 . 3 • 2 4 n • ~ J 
149 1 9 l619CO 7135JO 63.40 .78 .. 16.02 3.23 1.76 .oa 2.60 4.~8 4.0A 3.14 .3' 
150 3 9 161700 713UlO 59.85 .eo 16.82 3.94 2.5o .11 3.33 6.07 3.76 2.59 •'~ 
151 4 9 161700 7139JO 57.90 l•C2 16.62 3.30 3.47 .09 4.37 6.48 4,06 2.35 .~1 
152 1 Q 161730 713900 58.02 .02 16.73 3.75 3.14 .09 4.05 6.40 4.25 2.19 .~~ 
153 24 9 162015 7141JO 61.65 .e9 16.39 2.15 2.q9 .oe 3.07 5.33 4.07 2.55 .3~ 
154 26 9 L61545 713015 56.70 1.07 17.53 3u77 3.44 .1C 4.17 6.57 4.29 z.cz .14 
155 27 9 1616oo 7lzq;o 62.36 .12 17.36 3.03 1.9~ .oa 2.24 4.57 4.27 3.13 •'' 
156 28 9 161600 712845 63.89 .62 17.32 1.79 2.53 .08 1.58 4.08 4.5u 3.?0 .~, 
157 3~ 9 l613oc 7127JO 62.47 .76 ···-11.10 · ?..34 ?.7a .oa 1.91 ··- 4.63 4.27 3.34 - ·'t 
1 5 8 3 9 • 6 () :t 0 0 7 1 2 ~ .J 0 6 (- • 5 2 • 9 2 1 6 • 4 9 J • 5 ()

7 
2 • 5 8 • 0 9 3 • 4 I) 5 • 3 B 3 • Y 2 2 • 8 3 • ; '; ~ 

159 34 9 162300 7ll030 60.70 .82 17.31 3.3 2.52 .10 2.77 ~.~4 4.27 2.33 • _7 
160 38 9 162?.30 7118Jo 5I.29 1.c1 17.32 3.89 3.52 .12 3.96 6.B5 3,95 1.e·1 ·"1 
161 45 9 162200 7131JO 6 .50 .84 16.21 J,54 2.52 .01 3.0~ 5.37 3.34 3.24 •'~ 
162 M1 9 161730 712430 59.12 e90 17.~0 J.65 2.6~ .09 3.25 6.11 4.40 1.97 .~~ 
163 47 9 161315 710900 61.86 .66 17.45 4.50 1.37 el2 t.ao 5.21 4.37 2.32 •'1 
1
1

6
6 

4
5 4

4 a
9 

. ____ 9
9 

1 6 1 3 J o 11 o 9 J o 5 1 • 4 3 • 9 3 1 a • o 9 ' • 1 4 2 • 4 6 • 1 o 2 • 1 5 6 • 2 6 4 • 3 3 2 • 2 3 • ~ 1 
161245 710845 56.48 ·------ .Q4 18.13. 3.88 3.56 .12 3.49 -·- 7.13 --·-·· 3.98 ·-1.96 -----.3~ 

166 50. 9 16123c 7lOOJo 64.20 .51. 17.37 3.41. .94 .11 1.46 4.21 4.a1 2.67 .·n 
l67 59 9 161230 711000 64.99 .55 17.14 3.21 1.14 .09 1.0?. 4.14 4.78 2.6~ ·'1 
168 61 9 161000 7]U330 64,25 e69 17.52 4w90 e70 e06 1e71 3o0f 3e66 ~.2~ el 7 

169 62 9 160800 710430 56.72 1.16 17.23 4.62 2.87 .11 3,82 7.21 4.02 1.82 .4' 
170 U1 9 162000 705400 59.08 1.07 17~10 4.41 2.33 .11 3.~7 5.76• 3,99 2.57 .4~ 
171 U1 9 162100 7054JO 60.27 ,97 16.83 3.39 3.14 ell 2,80 5.27 4.C8 2.11 ,41 
172 143 9 170400 7C3536 6;.12 .56 16,41 3.22 1.01 .07 2.02 3.89 4,37 2.99 •'4 
173~--167 ___ 9 ___ :L7C900 ----7Cl430 64.98 --·.63. ~-15.80 ---3.22 ---1.47·-----.oq------2.05 -~4.21 3.87 ---3.35--- .3') 
174 168 9 170930 701430 62.01 .so 16.72 4.6t 1.44 .to 2.69 4.56 3.ac z.9b .~t 
175 169 9 171000 7tl4JO 60.90 .79 17.37 3.11 2.66 ,09 2.4~ ·5.64 4.06 2.57 .~1 
176 110 9 171015 701345 69.11 .36 15.59 3.15 .u5 .o9 .a1 z.ao 4.07 3.76 .?t 
177 172 9 171030 701330 59.73 .68 17.17 4.36 2.23 .12 2.71 5.53 4.10 2.05 ~~\ 
178 173 9 171030 701315 60.22 e65 17.62 3,69 2,56 ell 3e04 5.87 3.62 2e2U •'~ 
179 174 9 171015 70ll30 61.52 .63 17.58 3.90 z.o3 .J9 2.38 5.23 4.22 z.oa .,, 
1 8 0 ___ 1 7 5 ___ Q ____ l. 71 0 C. C ·--· 70 1 2 3 0 61 • 9 3 • 8 6 1 6 • 3 9 ? .• 21 2 • 4 5 • 1 G 2 • 6 8 5 • 3 6 . 3 • ~ 3 2 • 8 :> • ? 1 
18 1 2 o 5 9 1.1 3 2 o o 1 o o 10 o 6 o • 54 ------ • e a 16. 3 a 3 • 1 B 2 • 41 • c 9 3 • 3 6 5 • 5 3 --- 3 • 1 a 2 • q v ---- • ~ '\ 
182 211 9 l.7273C 7002)0 59.72 .97 16.19 3.84 3.22 .12 3.52 5.68 3.67 2.76 ,31 
183 230 9 162600 695700 60.51 .95 16.03 2.33 3.87 .09 3.82 5.49 3.60 2.97 ·'4 
184 ____ 235 __ 9 ___ 1.62430 ___ 6955)0 6~.18 ____ ,93 16.37 3.03 ______ 3.42 _____ .e1C ________ 3.39 5e5El 3eti3 2o75 e':\4 
185 236 9 162400 6955JO 63.45 e66 16.44 4.~4· 1.01 e07 1.9J 4.67 ?.94 3.24 ,':\, 
186 239 9 1720UC 6952)0 62.75 .74 16.66 4.30 1.45 .09 1.94 4,51 3,90 3.1) .35 
187 240 9 17193L 695130 6L.63 .82 16,96 3.65 2.54 .10 2.89 5.51 3.75 2.87 •'' 
188 241 9 l7190C 6953JO 66.18 ef-8 15.52 2.10 1.41 ,07 1.8~ 3.67 4.08 .3.58 •'' 
189 297 9 170300 70ZOJO 63.88 .77 16.10 3.88 1.33 .c7 2.12 4.12 3.69 3.52 .~l 
190 305 9 l~5930 7035lO 54.15 .ao 17.95 2.95 3.16 .o9 z.as ~.96 ~.10 2.1~ .~t 
1 9 1 3 o 9 9 1 6 4 6 3 c 7 c 3 ?. . ) o 6 1 • o s • t, 2 1 5 • 19 ·3. 1 g • o 5 • o 7 1 • 6 9 3 • ' 1 4 ~ o 1 3 • 6 3 • ·n 
192 ___ 312 ___ 9 -- 164500 7035,)0 65.66 .• 63 16.07 .~.37 1.74 .~6 1.66 3.67 .. 4.41 3.3~ __ .• ~l 
193 314 9 ]64600 _ 703545 65.36 e64 16,23 2e38 lo69 e06 1a97 3.~8 4o42 3eC~ .~1 
1 9 4 3 1 5 q 1 6 ,, 6 o o 1 o 3 5 ·• s 6 5 • z 6 • 1 1 1 6 • 3 2 ;~ • o o 2 • 11 • o 6 1 • a 3 3 • 1 2 ~ • 4 1 3 • z a • ., 1 
195· 316 q l64bOC 7035;5 65.64 .75 16.18 2.10 1.67 .06 1.67 3.59 4.35 3.53 .?1 
196 75 9 l6COOO 7050JO 62.64 .64 16.00 4.41 .77 .05 2.94 4.~9 4.01 3,34 .~1 
197 112 9 l6CBOC 7157JO 64.63 .69 16.20 3,20 1.34 .07 2.04 4.21 3,51 3.84 •'~ 
198 113 9 16C830 715530 64.06 .72 16.02 1.53 1.58 .06 2.13 4.01 3.81 3.66 ·'1 



199 114 9 160900 715400 59.6Z .a a 17.06 3,49 z •. 11 ,oq 3.38 5.85 3.81 2.78 ;~7 

~g~ ---~!r----~ l~l i~8 ·-·· 715508 ~ i : ~ ~ ---·-: ~ ~ ···---! l : ~ ~ ·· - .. ~ : i ~ ~ • 42 •87 lel5 3.~1 4e00 4.26 ,.,4 
69'+53 . 1. 6 • 9 2.34 5. a 4.15 ~.2~ .~-, 

202 24~ 9 171130 694100 61.17 .85 16.7~ 3.63 2. 09 .12 2.47 5.14 4.30 3.11 .~4 

203 24 9 171230 6943')0 60.00 .89 16.8 3.69 2. 53 .10 2.98 5.56 3.97 2.89 • '1 
204 24 5 9 170900 694630 61.91 .69 16.56 3.94 le 44 e09 2.35 5.01 4.12 3.53 ·'" 205 246 9 170800 6Q'16JO ~9.90 1.40 15.63 2.90 3.53 .10 3.50 5.41 4.14 Z.Q7 • ~1 
206 247 9 170715 694300 62.12 .61 17.37 3.67 1. 65 .10 2.04 4.74 3.92 3.21-

_,., 
207 250 9 165730 6942!)0 72.87 .22 15.()2 1.44 • ()5 .03 .14 1.43 4o23 4.51 . '\") 

206 254 9 165?00 69 4 7,) 0 63.23 .74 16.?4 3.74 1. 1 <1 .o6 2.23 4.45 4.00 3.77 ·'1 
209 255 Q 16~?.30 694'}00 69.24 .41 1,.41 2.37 • 10 .05 .52 2.12 3,6? 5.29 • ., 1 
210 289 9 164730 700 lJO 60.39 7 ~- 16.29 5.40 • tl8 • 11 3.~5 5.37 3. 3'1 3. ~ 3 ,,, 

• J 

211 290 9 1 fJit 900 70()2[.10 {.0. 6 2 • 7'• 15.50 3.95 z.ot .12 3.97 6.19 3.~4 3.12 . ., ' 
212 292 9 16~0()0 700~JO 76.!1') .05 13.08 .59 • 05 .o1 .04 .23 4.32 4.~9 0."1 
213 29.3 9 165CJ0 70u?e>O 76.81 .c1 13.08 .56 • 05 .12 .07 .35 4.t..5 4.50 /'),')') 

214 291 Q 165100 701100 62.00 .71 16.75 2.83 2.73 .09 2.52 5.17 3.56 3.32 • ·p 
215 295 I 9 f65030 7014:)0 63.82 .52 16.61 2.17 2. 65 .09 2.0? 4.46 3.74 3.60 • ., q 

216 94 ~--~- Q 54930 70021)0 55.60 ~--- 2 • 5 5 - ~ 1 4 • 7 6 - -- 5 • 0 5 -· 4: 5~ .13 3.8?. 6.42 3.80 3. c 6 ,.,, 
217 95 9 l550•JO 70 0 4 ,) (J ~4.44 2.53 14.65 4.25 .13 4.52 6.76 3.69 3.03 1.1., 
218 96 9 154930 700~()0 58.48 1.47 16.90 6.50 • A2 • 11 3.22 4.C9 4.06 3.6'3 ,1-,':l 

219 97 9 154915 700'JOO 54.26 1,118 15.69 6.47 2. 06 .14 4.83 6.78 3.86 3.18 • 'Pi 
220 98 Q 154900 700~30 53.79 l.fl9 15.24 6.58 2. 00 .14 5.53 7.04 3.79 3.11 . ~., 
221 99 9 15413(,0 700630 56.58 1.44 15.77 5.27 1.19 .13 3.24 5.26 4. 61' ~.83 ,1,1 

222 102 Q 1547(,0 7(11300 !;6.5~ 2.18 15.29 5.71 2. 34 .13 3.20 5.90 3.<18 3.62 1.1')'J 

223 103 Q 15 1tf· .. OO 7015d0 5<i.87 1.43 15.74 5.06 1. ·n .07 3.05 4.88 4.24 3.61 • ., '+ 

224 257 Q 155100 6953::>0 54.93 1.41 15.26 3.41 4. 65 • 14 6.713 6.67 3.~9 2.77 ,';1 

225 258 9 15,000 695200 64.~9 --~- 1.04 16.07 3.40 1.08 .04 l • 4 3 2.80 4. 1 4.30 • 4 ~ 
22 6 265 9 161300 692?)0 54.29 1.63 15.91 5.96 2. 81 • 1 3 6.23 5.99 3. 3 3 3.C9 ,t,l 
221 271 Q 162':.00 691000 63.80 .92 16.15 4.09 1.0?. .06 1.96 3,4(; 4.04 4.10 ,4', 

228 27'7 9 162300 692 f3,) 0 51.54 1.97 14.83 4.26 4. 92 .13 8.22 7. 4 9 3.22 2.73 . .,, 
\C)' 

229 279 9 162AOO 693~no 59.68 .97 16.05 5.08 • 98 .18 2.09 6.67 4.49 3.35 ,4q en 
230 3 2!3 9 155700 700100 62.07 .ea 17.03 3.87 1. 91 .09 2.43 4.59 5.~5 3.29 . , , 
231 332 Q 155730 7001JO ~ 7. 7 3 1.02 14.54 2.74 -4. 12 .12 7.16 6.(10 3.33 2.83 • 4 ~ 
232 83 ---18 220950 680700 61.80 .99 16.99 5.36 • 81 

.~-

.10 -·- 1. B 1 5.33 3.39 3.23 .17 
233 84 22U·:35C 68J7JO 62.31 .90 l6.!i7 '•. 09 1. 43 .09 2. 6 3 5. ()3 2.9B 3.07 .17 
234 11 10 224710 675940 b5.82 .70 l6.33 3.87 • 32 .14 1.21 4.22 3.43 3.45 • 1 Cj 

23~ 94 10 22520C 600 7 1JO 68.61 .56 5.37 2.86 • 43 .04 1.0>3 3.53 3.46 3.9~ .11 
236 C~l20 10 224200 6807)0 69.54 .30 15.87 2.05 • 58 • 0 6 1.02 2.90 3.30 4.22 • 1 ~ 
237 RHl 10 224200 6807:)0 70.81 • '• 0 15.'38 2.59 • 09 .03 .50 2.09 3.88 4.53 .')7 
238 42 10 220000 684000 73.33 .25 14.59 1.35 • 04 .o8 .45 1.(;6 4.84 3.~7 • I') 5 
239 35 10 223700 6800JO 64.97 .71 17.29 3.49 • 99 .06 1.96 4.03 3.24 3.22 • 1 ~ 
240 2613 10 222000 6009)1) 6 5. 69 ~- - .72 16.96 4.1? • 12 .06 1.41 3.77 3.27 3.75 ,14 
241 22"1 10 222800 680000 68.42 .63 16.44 4.44 • 05 .04 .46 2.77 3.15 3.4~ • 1 ~ 
242 RH2H 10 224200 6807~_)(1 61.52 .82 16.38 4.10 • 76 .13 1.54 7.99 2.94 3.37 • 1 s 
243 RH2A 10 224200 6807JO 67.17 .64 15.79 2.56 1.71 .06 1.73 3.40 3.14 3.t7 • 1., 
244 254 10 2202)0 6814~0 68.72 .58 14.87 2.50 1. 01 .oe 1.5~ 3.61 3.01 3.92 ,}1') 

2it5 352 10 231300 675300 75.14 .14 12.69 • 73 • 05 .06 .6) 1.98 3.04 4.42 lelS 
246 5A 10 231300 6 75ar;o 76.78 .39 12.08 .6A • 03 ,09 .11 1.16 3.4v 4.59 • , 1 

247 5 10 231200 675800 76.32 .28 13.09 .81 • 09 .oa .13 1.15 3.47 4.57 ·"~ 
248 1 ____ 12 2?.?.700 6£103)0 63.36 • 71 1.6.93 "2. 13 2. 43 .07 2.53 5.37 3.65 z.t:4 --·--

.1., 
249 2 12 215300 6826JO 59.28 .92 19.01 2.24 3. 25 .09 2.24 6.~1 4.(.7 2. 0 3 . ·''> 
250 3 12 214900 6831.10 62.71 .82 16. t,z 2.25 2. 75 ,09 3.51 5.30 2.ti6 2.75 • 1 ~ 
251 4 12 201700 684:t'.)0 64.92 .72 16.57 5.18 • 31 .04 1.55 3.73 3.62 3.11 ,?') 

25~ 5 12 204200 6835,)0 61,31 .91 16.01 5.34 • 40 .oa 2.92 5.24 4.13 2.62 • ., I) 

25 6 12 204000 61332<)0 60.89 1.11 16.68 2.71 3.01 .08 2.81 5.22 4.32 2.81 • v; 
25ft 7 12 203700 6827JO 60.53 1.21 16.85 2.52 3. 13 .oe 2.82 5.35 4.24 2.93 .~s 

255 8 12 203500 6840JO ~~.66 }·11 17.20 3.54 4. 15 ell 4.96 7.39 4.05 l.t-2 .~') 

256 9 12 203400 683900 5!:1.42 .11 17.02 2.53 5.07 .11 5.07 7.29 3.85 1.72 .~, 

257 10 12 23490C, 672tDO 53.59 1.43 16.44 2.55 5. 82 .01 6.12 8.98 3.16 1.53 .~t, 

258 11 12 2348v0 672"+)0 53.26 1.41 16.47 2.02 t.21 .14 6.27 8.59 3.44 1.72 .41 
259 12 12 2352JO 6723)0 64.10 .81 1?.87 2.44 2. 65 .oe 2.44 4.78 3.46 3.15 • ? 1 
260 13 12 -. 232500 674900 62.68 .71 17.33 3.67 ---- 1. 63 .09 2.34 5.40 3.97 ------ 1.94 . , ~ 
261 14 ~---12 2322J() 67 1t7•)0 .. 61.52 ~--- .08 1 8 • 0 5 --~-· ~ 2 • 6 2 2. 62 .10 2.32 5.75 3.93 2.(!2 .'.!'i 
262 15 12 242300 6018)0 57.81 1.21 16.78 2.63 4. 24 • 10 4.35 6.87 3.84 1.82 ,':I? 
263 16 12 2~2800 6819JO 59.12 1.21 16. 98 3.13 3. 44 .09 3.74 6.37 3.94 1.82 • Vi 
264 17 12 242000 6 8 2 :) J 0 64.82 .<t1 15.RO 1t. 4 3 o.uJ ,07 2.32 4.63 4.23 2.52 .·? 1 

265 18 12 242500 6U2'/JO 55.19 .£<1 16.G4 ?.42 4 • '~4 .12 7.47 8.58 3.13 1. 1l • ., 1 

266 19 12 241300 683dJO 59.34 1.31 16.70 2.62 3. 72 .07 3.32 6.14 4.53 1.~1 .45 
267 20 12 252000 684400 58.81 1. c 1 16.83 3.;5 3. 75 .1C' 3.45 7.20 3.14 2. 1 3 

.,, . . 
268 21 12 25340C 6849)0 

~ ~ 

b2.49 .e1 16.49 2~A5 2. 54 .08 --- 2.54 5.AO 3.05 3.15 • 1!} 
269 22 ---~ 12 253100 ~ 6841)0 61.16 .71 15.59 ;~. 53 3. 14 .o9 4.'16 6.38 2.94 2.33 • , '> 
270 23 12 2~2-100 6f3 ~ t, )0 ~<t.<t2 .91 17. H i~. 4 3 3. j '• .09 3.0~ 6.tJ~ 3.~4 1.02 • '1 
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TABLE l B: Chemical data for the trace elements. All valuf~s are in ppm. In the first column appears the 

the codE~ number, as in t.able 1 A. 

L1 Ag Sn Ga Pb Zn Cu B Be Mo v Zr U1 Co y Ce Cr 

26.0 o.o2 . o.oo l8 ~~ . gt 27 ~ 9.0 4 123 1!4 13 13 26 0 10 
31.0 .1 o.oo 27 1.0 1 08 2 3 10 11 31 114 9 

38.0 .08 1.50 15 18 79 27 6 1·0 q· 135 255 11 13 32 134 13 
31.0 .05 15.00 16 15 74 19 8 o.o 0 56 181 9 10 14 0 46 
o.o o.oo o.oo 14 8 25 11 .4 0 96 137 7 Q 12 0 e 

_19 .o_·_o. oo __ o .oo ___ 14 __ 10 ____ 94 __ 30 ___ 0 __ .1.0 --0 16 4 ---- 2 9 1 ---· 1 5 - 17 - 21 0 69 
30.0 o.oo o.oo 16 12 93 14 0 9.0 8 139 171 11 13 22 0 28 
48 .. 0 o.oo o.oo 0 0 51 l(i 0 o.o 0 88 151 4 0 25 (J 0 
28.0 o.oo o .. oo 10 7 73 26 0 1.0 0 101 123 60 7 12 G 13 
o.o o.oo o.oo 0 0 0 0 0 o.o 0 0 0 0 0 13 0 0 

35.0 o.oo o.oo 15 23 57 6 0 • 4 0 1 52 15 0 5 0 0 
o.o o.oo o.oo 0 0 0 0 0 o.o 0 0 0 0 0 0 0 0 
o.o o.oo o.oo 0 0 O· 0 0 o.o 0 0 0 0 0 0 0 0 

- 38 .o 0' 0 0 -· ·-· 0. 0 0 _____ 16 ----- 1 ~ ---- ~ ~ ---l ~ ---- 3 5 1-g 0 73 1')7 6 0 5 0 3 
32.0 o.oo o.oo o. ' 0 21 169 12 0 9 0 J 
19.0 o.oo o.oo 15 7 76 10 29 1.0 6 126 177 16 11 4 50 11 
14.0 o.oo o.oo 0 0 61 24 0 o.o 0 124 219 0 0 15 0 0 
21.0 o.oo o.oo 0 0 95 6 0 010 0 113 232 12 0 15 0 0 
14.0 .33 3.00 16 7 96 31 29 1.0 10 86 157 18 8 8 154 12 
o .. o o.oo o.oo 19 15 27 b 32 1.0 5 75 109 5 4 4 25 13 

56.0 o.oo o.oo 14 22 113 14 13 1.C 6 77 108 10 5 3 0 14 
_26. 0 0 • 0 0 ----.- 0 • 0 0 ----· o ____ 0 --· 69 _ _:_ ... 2 3 ---·- -0 ---- 0. 0 0 125 "' 2 53 ---- 11 0 ---·- 27 0 0 

o.o o.oo o.oo 15 15 49 9 0 2.0 0 87 94 51 20 29 0 84 
o.o o.oo o.oo 18 18 39 10 0 z.o 0 80 139 20 18 2b 0 45 
o.o o.oo o.oo 11 2 lZ " 0 o.o 0 0 67 (j 0 22 0 15 

15.0 .09 8.60 14 12 90 15 0 o.o 0 236 443 74 0 91 0 0 
o.o o.oo o.oo 14 21 287 168 0 • 5 0 69 114 0 3 10 0 15 
o.o • 11 o.oo 14 16 87 ll 0 1.7 8 110 138 3 9 23 0 7 
o.o o.oo o.oo 17 2 17 0 0 o.o 0 - 49 102 0 0 22 0 0 

_9z.o __ o.co -·. __ 2 I 6 0 ___ 1 1_ ___ 19 -·. 8 7 ---- 61 ---- 0 ---·-- I 8 ___ _15 ---·· 2 ~ z _ _ 1 ~ ~ ___ 3 ~ ______ z g _:__ ~ i 0 ---- ~; 
12.0 1.62 s.1o 19 25 37 . 1oe o .e o 0 
37.0 .16 3.90 13 34 118 eo 0 • 5 8 84 100 43 14 24 0 1~ 

26.0 ·23 o.co 14 43 112 57 o· 1.6 13 104 137 6 11 21 0 22 
23.0 o.o 2.60 14 2 48 56 0 o.c 8 360 151 205 27 63 0 72 
19 I 0 .40 4.50 20 25 280 37 0 o.o 0 121 135 31 0 102 0 0 
41.0 o.oo o.oo 15 23 118 4 0 • 5 0 61 97 10 12 29 0 0 
o.o o.o.J o.oo 0 0 0 0 0 o.o 0 0 0 43 0 0 0 I) 

0 I 0 ---- 0 I 00 o.oo ----· 0 0 ---- 0- -·--- 0 ---· . 0 -·- o. 0------ 0 0 0 16 ·--.. 0 0 0 0 
o.o 0100 o.oo 0 0 0 0 0 o.o 0 0 0 9 0 0 0 0 
o.o 0.()0 o.oo 0 0 0 0 0 o.o 0 0 0 9 0 0 0 0 
o.o 0100 o.oo 0 0 0 0 0 o.o 0 0 0 7 0 (i 0 0 
o.o o.oo o.oo 0 0 0" 0 0 -· o~o ____ o 0 0 --- 6 0 0 0 0 
010 o.oo o.oo 0 0 0 0 0 o.o 0 0 I) 21 0 0 (J 0 
o.o o.oo o.oo 0 0 0 0 0 o.o 0 0 0 13 0 0 0 0 
o.o o.oo o .. oo 0 0 0 0 0 o.o 0 0 (j 9 0 0 0 0 
o.o o.oo o.oo 0 0 0 0 0 o.o 0 0 0 21 0 0 0 0 
o.o o.oo o.oo 0 0 0 0 0 010 0 0 0 45 0 0 c 0 
o.o o.::>o o.oo 0 0 0 0 0 o.o 0 0 0 71 0 0 0 0 
o.o OluO o.oo 0 0 0 0 0 o.o 0 0 0 91 0 0 0 ·o 

_, o.o o.oo --· 0 • 0 0 . --- -- 0 --· - 0 0 ------ 0 ----· 0 -- 0. 0 -----· 0 ----. 0 _ .. _.! 0 37 0 0 0 0 
o.o o.uo c.oo 0 0 0 0 0 o.o 0 0 0 79 0 0 0 0 
o.o 0100 o.oo 0 0 0 0 0 o.o 0 0 0 '21 0 0 0 0 
o.o o.oo o.oc 0 0 0 0 0 o.o 0 0 0 17 0 0 0 0 

Sc Sr 

14.00 4~0 
13.00 471 
17.00 4~~ 
12.CJO ?I')Q 
a.ro ~~q 

l6.t0 'il'lf'\ 

13.00 c;;"\ 
o.co !:p? 

7.C.O 4"'-' o.oa r) 
1),()0 71 
o.o~ 0 \.0 J.('J " -....] 
2.00 ~11» 

J,(..l) AlQ 
11,. ( 0 ~,., 

0. ( 0 rtfl? 

o.co C),~ 

~.cu --~4 
4.00 jl,~' 
4.00 ~~') 

o.cu c; ,, 

li.~:l 'B? 
1'.>.50 ., "1 
o.oo ~t; 
),CO '7 

5.10 '~1 
7.60 41~ 

1.).50 14'i 
28.9~--- , ~,. 

8.E. . -::4 
10190 tq~ 

10.31) 4';~ 
29140 ~ t;('\ 

o.to 4 1.,4 
'-1.20 40? 
0. ( 3 " o.o:> ,; 
o.oo n 
o.co f) 

c.C'o n 
o.v:> ,., 
~. ( 0 f) 

::>.(,0 (' 

o.c.o ('I 
v.co ,., 
o.oo ;, 
o.co ,., 
J,OO , 
:J.uiJ ,., 
o.cJ (\ 

0. C.·J "' t) •• oo 6 



o.o o.og g.oo 0 0 0 0 0 8·0 0 8 0 ~ 0 8 8 0 o.oo ~ 

o.g o.o .oo 0 0 0 0 0 .o 0 0 0 0 o.oo .0 
o. o.oo o.oo 0 0 0 0 0 o.o 0 0 0 15 0 0 0 0 o.oo (' 

--- 8 : 8 ----· 8 : g g g: g g --- g ---8-----g -·-8 --8 ·- g: 8 -----·- g ------ 8 ----- .. -· g . ----- 8 . ----8 g 0 0 a.oo n 
60 0 0 o.oo " o.o o.oo 0 0 o· J.OO , 

o.o g.oo o.og 0 0 8 8 0 o.g 8 0 0 0 0 0 0 0 o.oo , 
o.o .oo o.o 0 0 0 o. 0 0 0 0 0 0 u J,(,) , 
o.o o.oo o.oo 0 8 8 0 0 o.o 0 0 0 0 0 0 0 0 o.cu n 

65 o.o o.oo o.oo 0 0 0 o.o 0 0 0 0 0 v 0 0 u.Gu n 
o.o. o.oo o.oo 0 0 0 0 0 o.o 0 0 0 0 0 0 0 0 o.oJ 0 
o.o o.oo o.oo 0 0 60 11 0 o.o 0 0 1?.6 2 z 0 0 0 o.co l'Vi 

-- 0 • () --·--- 0 • 0 f) 8: g g ----- 8 ---- 8 -- 68 - 16 ---- g - 8: g --·---8 --- 8 --- 12 6 ----·--- 5 ·----- 8 ---- 0 0 0 o.o:> ?Q? 

o.o o.oo 0 0 0 o.oo ('I 

70 o.o o.oo o.oo 0 0 76 5 0 o.o 0 0 133 5 6 0 0 0 o.oo ""4 o.o o.oo o.oo 0 0 103 12 0 o.o 0 0 175 }g 11 0 0 0 0. (: :> ... .,7 
o.o o. ur) o.oo 0 0 75 7 0 o.o 0 0 163 7 0 0 0 ').CO 4"4 
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TABLE 1 C: Chemical data for some trace elements (Ba, Rb, and u .. Values in ppm), and isotopic value (Sr ratio), 
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plus the distance from the Peru-Chile Trench in km., the type of rock as reported by each author, the 

age , the country where the sample comes from, and some miscellaneous information. 

Ba Rb u Rock type Age Country 

445 115 3.01 .ooog 331 ANDESITE PLEIST CHILE 
526 125 2.83 eOOO 329 ANDESITE PLEIST CHILE 
~~2 1 ~~ ~=~l :9899 ~~1 ~~8~~ft~ ~~bt~~E E~lt~ 
330 69 15.31 eOOOO 316 RHYOLITE MIOCENE CHILE 
506 58 1.15 .OCOO 301 ANDESITE MIOCENE CHILE 
512 94 1.27 .OCOO -289 ANDESITE MIOCE~E CHILE 
660. 100. .2.27 .• CC•JO 2H8 OACifl:: ... MJOCE~~E CHILE --- 4 1 6 -·-·- 6 5 ---- 1. 56 ---- • 0 0 0 0 --- 2 5 8 - D A C I T t:. - ----- M I 0 C ENE --·- C H I l E 

0 0 1.56 .COOO 258 • DACITE MIOCE~E CHILE 
534 181 3.05 .OCOO 256 RHYOLITE MIOCENE CHILE 

0 0 0.00 .0000 215 RHYOLITE MIOCENE CHILE 
799 0 1e43 .0000 246 DACifl M-MIO CHILE 
490 86 1.70 .0000 244 DACITE M-MIO CHILE 
693 86 1.31 .0000 242 DACITE M-MIO CHILE 

Miscellaneous information. 

PASO SAN FRANCISCO 
PASO SAN FRANCISCO 
l~aflNiA~Ek~tNCISCO 
LAGU~A VERCE 
PA~PA DE BARRANCA$ BLANCAS 
N. NEVAOO TRES CRUCES 
N. NEVA~J TRES CRUCES 

·sALAR DE ~FRICUNGA -· 
SALhR DE MERICUNGA 
CERRO lOS CO~~ALES 
QUEBRADA DE SAN .ANDRES 

VOLCANO OJO CE ME~ICUNGA 
W. OF PO~TEZU~LO SANTA ROSA 
OUER~ADA PAIPCTE 

436 60 1,00 .0000 247 ANDESITE l-MIO CHILF 
--11 0 0 --·-- 7 0 --..• 9 2 --· • 0 0 0 0 . --- 2 4 7 ··--- AND E S ll E --- L- t·1I 0 CHI L E 

VOLCANn 1JO f,f' ~ARJCUNGA 
V 11 L C A ~ 0 !1 J 0 D E MAR I C UN G A ----­

714 69 ,86 .0000 248 ANDESITE l-MIO CHILE 
263 58 .62 e7L52 238 DACITE L-HIO CHILE 
474 0 1.31 .0000 238 OACift L-MIO CHILE 
544 89 1.01 .7061 238 DACITE L-MIO CHILE 
585 110 4,38 .OCUO 337 U-PLIO A~G~T 
308 150 7.60 .0000 341 U-PLIJ ARGNT 

----·· 291 __ ,_.146 o
1
.oo

7 
.0000 353 ~·-··- u

0
-PPLIO --------· ARG~T 

168 36 .o .0000 359 -LID · Af:GNT 
56 96 3.52 .OOJO 360 U-PLIO APG~T 

423 128 1.47 .0000 442 L-PLIO APG~T 
593 94 .97 .7067 436 LAT-ANDE L-PLIO ARG~T 
336 65 0,00 ,0000 450 L-PLIO ARGNT 
346 129 .71 .0000 497 l-PLIJ ARGNT 

VOLCANO OJO DE MARICUNGA 
MI~A LA CrllPA 
MINA LA r.r]IPA 
~INA LA COIPA 
PASO SAN FRANCISCO 

FAMATINA 
FA'1ATINA 
FA 11ATINA. 
FARALLON NEGRO 

...... 
0 
N 

1372 365 3.33 .0000 498 U-~IO ARGNT --- ~ t ~ ----- 1 ~ S ----- ~: ~ ~ ---- : g 2 8 g ------- ~ Z ~ ·----·--·- -·-·---~:~I 8 ·---- ~ ~ 2 ~ t ---- ·--- .. -·----- ---·-------·-------------
491 91 1.36 ,7060 500 ANDESITE U-MIO ARG~T 
868 244 .87 .0000 535 ARG~T MI VIDA 

___ 57 6 ____ 14 7 _____ 2. 1 0 , 0 0 0 0 53 6 ______ A P. G NT M I VIDA 
0 0 0.00 .0000 296 ----ANDE-LAV_____ CHILE SAN PEDRO SAN PABLo··votCANOS-.---
0 0 0.00 ,0000 296 ANDE-LAV CHILE SAN PEDRO SAN PABLO VOLCANOS 
0 0 0.00 .0000 296 ANDE-LAV CHILE SA~ PEDRQ SAN PABLO VOLCANOS 
0 0 0.00 .0000 296 ANDE-LAV CHILE SAN PEDRO SAN PABLO VOLCANOS 
0 0 0.00 .OGOO 296 ANDE-LAV CHILE SA~ PEDR~ SAN PABLD VOLCANOS 
0 0 0.00 ,0000 296 ANDESITE CHILE SAN PEDR1 VOLCANO 
0 0 0.00 .0000 296 ANDE-LAV C~ILE SA~ PEORO SAN PABlO VOlCANOS 
0 0 0.00 .OCOO 294 ANDESITE CHILE AUCA~QUILCHA VOLCANO ------ 0 ------- 0 --- 0 • 0 0 - -- • 0 0 0 0 2 9 6 ---·-- AN D f:- L A V ------------ -- C H I L E ---S A~ P E D R 0 S A N P A 9 L 0 V 0 l C A N 0 S 
0 0 o.oo .0000 288 ANDESITE CHJLE AGUA LA TURBEPA S·. SLOPE OF POLAPI 
0 0 0.00 .0000 296 ANDE-LAV CHILE SAN PEDR1 SAN PABlO VOLCANOS 
0 0 0.00 ,0000 296 ANOE-LAV CHILE SN~ PEDRrl SAN PABLO VOLCANOS 
0 0 0.00 .0COO 296 ANDf:-LAV CHILE S~N PED~O SAN PABLO VOLCANOS 
0 0 0 • 0 0 • 0 C 0 0 2 9 6 A N 0 E -L A V C H I L E S A "l P E 0 R J S A N P A ~ L Q V n l C A N 0 S 
0 0 0 • 0 0 • 0 C 0 0 2 9 6 A N fH. -L A V C H I L E S A~ P l: D R IJ S HI P A B l 0 V 0 l C A N G S 

___ 0 0 0.00 .0000 296 ANDE-LAV CHILE SAN PEOR,J SAN PABLO VOLCANGS 
0 -----0---- (;.OO --- .C<JOO 296 ANDt:-LAV ----------·CHILE---- SAN PE~RJ SAN PA3LO Vf1LCH~OS -------
0 0 0.00 .0000 296 A~DE-LAV CHILE SAN PEORQ SAN PABLO VOLCANCS 



60 

65 

70 

75 

eo 

·~ 85 

90 

100 

105 

115 

271 

120 

125 

.. 

0 0 0.00 .0000 296 ANOE-LAV CHILE SAN PEDRO SAN PAALO VOLC4NO~ 
0 0 0.00 .0000 311 ANDESITE CHILE 15 ~M E. SAN PABLO VOLCANO 
0 0 0.00 .0000 304 ANOfS·ITE OUATERNAR CHILE NEVADDS PAYAC~ATA PRV. TAPAPACA 
0 0 0.00 .0000 304 ANDESITE QUATERNAR CHILE NEVADOS PAYACHATA PP.V. TARAPACA 
0 0 0.00 .0000 304 ANDESITE QUATERNAR CHILE NEVAOOS PAYAC~~TA PRV. TARtPACA 
0 0 8 00 0000 304 ANDESITE OUATEQNAR CHILE NEVADOS DE PAYACHATA PRV. TARAPACA 

---0 ----- 0 -- : 0 0 ·-··-: 0 0 0 0 . --· 3 0 4 ---· AN 0 E: S IT E ---·QUAT ERN A R --- CHI L F.·-----· N E V A 0 n S 0 1: P A Y h C H A T A P R V • T A R A? A C A-
0 0 0.00 .OCOO 304 OUATERNAR CHILE NEVA~OS DE PAYACHATA P~V. TARA?ACA 
0 0 0.00 .0000 304 PLIOCENE CHILE NEVA08S DE PAYACH4TA PRV. TARAPACA 
0 0 0.00 .0000 304 PLIOCENE CHILE NFVA~O<; DE PAYACHATA PPV. TAkAPACA 
0 273 0.00 .0000 440 RHYOLITE PLIOCENE AnL IG~TM~RITE FOPMATION. 
0 2 B 1 0 • 0 0 • 0 0 0 0 3 8 5 R H Y 0 0 A C I P l I 0 C E N E B 0 L I G ~n M B P I T E F 0 P '1 A T I 1J N • 
0 0 0 • 0 0 • 0 0 0 0 4 2 0 R H Y 0 J t, C I P llfl C EN [ 0 0 L I G ~~ I 11 S R I T E F CH '1 A T I n N • 
0 245 0.00 .0000 4~1 DACITT PLIIlCENE BOL IGtJUIPPITE FDPI1ATiflN. 

--- 0 ·---.1 9 3 ----~- 0. 0 0 - • 0 0 0 0 4 7 5 R H Y 0 i.J t. C I -- P l I 0 C E t~ E - 0 0 L I G 'l I~ 8 ~ I T E F (J PM AT ICPJ • 
0 253 0.00 .OLOO 385 ~HYOU~CI MIOCE~E HOL UPPER CUfHUA FOR~ATION. 
0 260 0.00 .0000 360 RIIYOOACI QUATERNAR BOL STRAT8-VOLCANf FORMATION. 
0 0 0 • 0 0 • 0 0 a 0 '• 8 0 l A T -At I D f M I 0 C E ~~ E B 0 I. B n ~H. T f l A V A S • 
0 251 0.00 .0000 lt72 ~HYODACI MIOCf:t~E I:Hll UPi'[R OlJFHUA FORMATICN. 
0 1 6 8 0 • 0 •.) • 0 0 0 0 3 8 5 D A C 1 l'l Q U A T E ~ ~U R B 0 L S T ~ A T :) - V n L C A N C F D R ~ A T I 0 N • 
0 230 0.00 eCOOO 385 RHYOOACI QUATERNAR AOL STRATO-V~LCANl FORMATION. 
0 113 o.oo .oooo 360 RHYOD~CI QUATE~~AR SOL STQAT8-VOLC. FF. SGNJOUERA VOLCe 

---·o-··-279 ·--·o.oo ·-- .0000 365 RHYOOI.CI ·--· OUATER~UR ... BDL STRAT~-V:JLC. Ft1. COR INA VOLe.· 
0 173 0.00 .0000 425 RHYOD~CI OUATERNAR BOL STRATO-VOLC Fr. OlJETENA VOLC. 
0 0 0.00 .CCOO 400 RHYOOACI OUATEQNAR BOL ST~ATO-V0LC F~. GALE~A VOLCe 
0 0 0 • 0 0 • 0 C 0 0 t, 51 R H Y iJ U J. C I QUAT E ~~ N A R B n l S T ~ h T n- V rJL C II N ( F (11< M ~ T I 0 N. 
0 1 4 5 0 • 0 0 • 0 0 0 0 3 i:3 0 R H Y 0 'H. C I 0 U A T E !< N A R IH1 L S T ~ A T D - V n l C A N r F D rH1A T I 0 N • 
0 0 0 • 0 0 • 0 0 0 0 4 3 0 0 A C I r l Q U A T 1:. R N A R B D L S T R. A T 0- V 0 L C A t,l [ F 0 R H A T I 0 N • 
0 0 0.00 .0000 370 DACifl OUATERNAR BOL STRATO-VOLCANG FOQ~ATION. 
0 14 6 0. 0 0 • 0 0 0 0 3 4 5 LAT-A N DE Q ll ATE RNA R B 0 l S T R A T 0- V ll l C AN ( F U ~ "1 AT I G t~ • 

--- 0 ... --· 3 11 --- 0 • 0 0 ... _., • 0 0 0 o· ··--- 3 4 5 -- Q T Z - L J. T ·--- QUA T E R N A R B 0 L S T R A T"J- V 1l C A I~ (' F 0 ~ lo\ A T I () N • 
..... ----o-

0 130 0.00 .0000 360 DACifE OUATERNAR BOL ST~ATO-VOLCANC FQR~ATION. 
0 0 0.00 .0000 480 ANDESITE QUATERNAR BOL STRATO-VOLCANC FORMATinN. 
0 95 0.00 •8000 468 LAT-1\~,0E OUATERNAR AOL STRAT0-1/IJLCANC P1R'1ATitH~. 
0 147 0.00 • (H)O 500 LATITt OUATE~NAR ARGNT CERPO NfGRn Ol CHO~RILLOS 
0 106 0.00 .0000 500 LATITE OUATERNAR ARGNT CEQR1 NlG~O Of CHORRILLOS 
0 166 ·0.00 .OCOO 500 LATITE QUAlERNAR APGNT CERPO NEGRO DE CHJRRILLOS 

_ 0 -···---- q 5 · 0. 0 0 • 0 0 0 0 "•4 0 LA T- Hl 0 E 0 U AT E r~ N A R A P G NT C E F~ R 0 S 8 A Y 0 S 
--- 0 37--0.00 .OCOO 413 LAT-ANDF. OUATEKNAR ARG~T VOLCANO CAFACHIPAMPA 

0 38 0.00 .0000 413 LAT-ANDE OUATE~NAR ARG~T VOLCANO CARAC~IPAMPA 
0 60 0.00 .0000 412 LAT-ANDE OUATERNAR ARG~T VOLCANO ANTOFAGASTA Of LA SIER~A 
0 58 0.00 .0000 412 LAT-ANDE OUATtRNAR ARGNT VOLCANO ANTOFtGASTA DE LA SIERRA 
0 56 0.00 .0000 412 LAT-A~10E OUATE~~AR ARG~T VOLCANO ANTOFAGASTA DE LA SIERRA 

w 

0 104 0.00 .0000 520 LATITE OUATEQNAR ARG~T SAMPLES 4/f8-t9-70. E. FLANK OF 
0 104 0.00 .0000 520 lATITE OUATEqNAR ARS~T THE FAULT NEAP LA POMA BETWEEN SAN 
0 7 3 . 0 • 0 0 • C 0 0 0 5 2 0 L A T I T E 0 U A T E ~ N A R A R G t~ T A NT 0 "l I 0 D ~ L 0 S C rJ ~ ~ E S A N 0 C A C H I • 

--- 0 5 7 ---. 0 • 0 0 • 0 CJ 0 0 4 1 3 l A T-AN 0 E <.: U A T E R N A R - - A P G ~~ T --- N • E D G E Cl F S A l A P 0 E H (I~ P R E M U E Q T g --
0 74 0.00 .OCOO 415 LAT-4NDE OUATfR~AR ARGNT N. EDGE OF SALAR DE HOMBRE MUERT 
0 118 0,00 .0000 425 R-DACITE OUATERNAR ARGNT S. ANTOFAGAST~ DE LA SIEPRA 
0 114 0 .• 00 .0000 495 LAT-A~OE QUATE~NAR ARGNT ES.~UINA AZUL, 412C M. ALTITUDE. 

--- 0 -.-- 2 11 ·-. -· 0 • 0 0 ----- • C (; 0 0 5 J 0 l A T 1 T E . --·- Q ll AT E Q N A R - A R G N T .... _.. V 0 l C A N 0 T U Z G L E' . 
0 254 0.00 .0000 420 R-DACITE QIJATE~NAR APG~T PUNTAS GQRfJAS, 4200 ~. AlT. 
0 0 t.OO .0000 115 NFOGENE ARGNT PU~TAS G1RO!S, 4200 M. ALT. 
0 0 0.00 .0000 715 NEOGENE A~GNT PUNTAS GORDA$, 420J M. ALT. 
0 0 0.00 .OCOO 715 NEOGENE ARGNT PUNTAS GQROAS, 4200 M. ~LT. 
0 0 0.00 .OCOO 715 NEOGENE ARG~T PU~TAS GORnAS, 4200 H. All, 

• • • • • • • • • • 0 0 0 ., 0 0 • 0 0 0 0 7 15 N E 0 GENE A R G I~ T P u~~ T .h S G 0 R D AS , 4 2 0 0 M • A L T • 
0 0 0. 0 0 , 0 0 0 0 7 1 5 . . N f 0 G E ~ E . A P G ~~ T P W,IT ~ S G () P 0 A S , 4 2 0 0 H, A l T • --- o·-·---·· 0-----0.00 --· .uooo --- 715 .. -----NEOGENE -···--- APGNT ---- PU~~TAS GORr,AS, 4200 H. ALT.----------
0 0 . 0.00 .0000 ·715 NEOGENE ARGNT PUNTAS GllRC'AS, 4200 M. ALT. 
0 0 0.00 .0000 715 NEOGE'lE APGNT PUNTAS GORDA$, 4200 H. ALT. 
0 0 0 • 0 0 • 0 0 0 0 7 1 5 N E 0 G E ~ E A P C ~~ T P U ~H A S G ~ R [ A S , 4 2 0 0 "1 • A L T • 
0 0 O.OJ .0000 715 NfiJCHJE AflG~T PUt~TAS G:lRf.AS, 4?.00 t-4. ALT. 
0 0 0.00 .OGCIO 715 NEOGE~~E ARGNT PlJNT~S GOROAS,. 4200 M. ALT. 
0 60 c.oo .7076 230 ~NOESITE PLIO-JUAT PERU $, PERU, APEOUJPA VOLCANICS 



130 

'. 135 

140 

145 

150 

155 

160 

165 

170 

175 

0 57 0.00 .7079 230 ANDESITE PLIO-QUAT PERU S. PERU, APEOUIPA VOLCANICS· 
---~o-·--61----o.oo-.7076---. 2 30--ANDESI TE:--Pl 10-0UAT-- PER U--S~-- PEPu,-- AREOUIPA···votCANIC S 

0 46 0.00 .7072 230 ANDESITE: PLIO-OUAT PERU S. PERU, AREOUIPA VOLCANICS 
0 46 o.oo .7071 229 ANDESIT( PLIO-QUAT PERU S. PERU, APEOLIPA VOLCANICS 
0 46 0.00 .7072 229 ANDESITE PLIO-QUAT PERU S. PERU, AREOUIPA VOLCANICS. 
0 47 0.00 .7071 229 ANDESITE PLIO-QUAT PERU S. PERU, APEOUIPA VOLCANICS. 
0 47 0.00 .7072 229 ANDESITE PLIO-OUAT PERU S. PERU, APEOUIPA VOLCANICS. 

j 0 71 0.00 .·1011 245 ANDt.:SITr PLIO-QUAT PERU· S. PERU, APEOL'IPA VnLCANICS. 
----- 8 ~ ~ g : g 8 : ~ g ~ ~ ~ ~ ~ ~ ~ 8 ~ ~ t t t ~ t f g: ~ ~ ~ l ~ f ~ ~ --·-· § : ~ ~ § ~ : ~ ~ ~ g c I ~ ! ~ g t ~ ~ ~j ~ ~ § : ~-----

o 69 0.00 .7076 245 ANOI.:SirE. Pll!1-:lUAT PERU S. PERU, APf.Ol!IPA VOLCANICS. 
0 50 0.00 .101~ 255 ANOESI rE PLIO-OUAT PfRU S. Pf:RIJ; AR[Ol:IPA VflLCANICS, 
0 39 0.00 .7067 256 ANDESITf PLJU-)IJAT PERU S. PERU, 4PECLIPA VOLC~NICS. 

8 5 1 0 • 0 0 • '7 0 1 3 2 5 6 A N 0 1: ) I T E- P L J 0 - ~ U A T P E R U S • P E P U , A P f 0 lJ I P A V 0 l C. A N I C S • 
6 3 0 • 0 0 • 7 0 7 3 2 5 6 A N D c $ 1 rt. P l 1 0 - ':l U A T P [ R tJ S • P E R lJ , J\ P E 0 L I P A V f)L C A tH C S • 

0 48 0.00 .7054 268 PLIO-JUAT PERU BARPOSO VOLCS. ANDfSlTESE DACITES 
___ 0 _______ 79 ____ 0.00 __ .7064 __ ,268______ .. _______ PLIO-QUAT ___ PERU _8..\Q.~QSO V:1LCS. ANDESITES~ DACITES 

0 53 o.oo .7057 270 PLID-JUAT -PF.RU - 13ARRIJ50 VfJLCS. ANOESITESf. DACITES~-
0 7 8 0 • 0 0 • 7 0 58 2 8 0 P L I 0- 'J U A T P t R U . A A R R 0 S 0 V n L C S • A I~!) f S I T [ S £ D A C IT E S 
0 97 0.00 .7064 280 PLIO-'JUAT PERU BARRfl)(l V!JLCS. AN 1)ESITES£ DACITES 
0 84 0.00 .7064 282 PLIO-'JUAT PfRU gARRIJSrJ VfJLCS. AN:1ESITES£ 'DACITES 
0 86 0.00 .7065 273 PLIO-QUAT PERU BARRJSO VOLCS. ANDESITES& DACITES 
0 96 0.00 .7068 268 PLIO-~UAT PERU 13ARPOSn VOLCS. ANDESITES& DACITES 

985 64 .87 .0000 229 DACITE PLIO-JU~T PERU SERlE CALC-AL~. SE~Al COQTAO~E~AS 
890 53 .72 .0000. ?27_ ANDESITE . PLIO-QIJAT PERU SE~IE CALC-ALKCHACHANI V8LCA~O ~ 

--825 _______ 42-- .69·---.0000 ---·- 226 -ANOE:SlTf .. ---pllO-OUAT PfRU SE~IE CALC-AlkCHACHANl V()LCAI'~O -~ 
8 8 5 4 1 • 6 4 • 0 0 0 0 2 2 5 AN D E S I T E P l I 0 - J U A T P f R U S r: R I' E C A l C - A l t< C H A C H t, N I V 0 L C A ~; 0 
925 47 .66 .0000 220 ANDESITE PLIO-~UAT PERU SERlE CALC-ALKCHACifANI V1LCANO 
9 55 2 8 • 3 5 • 0 0 0 0 2 3 9 A I~ 0 t S I T E PERU S E R I E C A l C-AL K • C HAC HAN I V Q l CAN 0 

1215 68 ,99 .0000 241 ANDESITE PERU SERlE CALC-AL~. CHACHANI VOLCANO 
1140 75 .63 .0000 241 DACITE PERU SERlE CALC-ALK. CH,CHANI VOLCANO 
1125 73 .72 .occo 247 ANDESITE PERU SERlE CALC-AL~. CHACHANI VOLCANO 
1000 49 .78 .0000 253 AND~SITl PERU SERlE CALC-ALK. CHACHANI VOLCANO 

--1045 --··---46---0.00 -~-- .uOOO ---~ 255 ----·ANDESITE ______ ... _. PERU SERlE CALC-ALK. PICHU-PICHU . 
760 33 0.00 .0000 257 ANDESITE PERU ·SERlE CALC-ALK. PICHU-PICHU 
960 78 0.00 .CuOO 237 A~DESIT[ PERU SERIE CALC-ALK.MI5TI VOLCAN~ 
9 2 5 31 0 • 0 0 fil 0 (; 0 0 2 6 3 AND E S I T (: PERU S F. R IE CALC- A L K • M I S T I V r l C AN 0 
~35 48 .82 .0000 272 ANDESITE PERU SERIE CALC-ALK. SENAL CCNOORI 

1000 37 .75 .0000 274 ANDESITE PERU SERlE CALC-tlt<. SENAL CO~DDRI 
0 0 .63 .0000 275 ANDESIT[ PERU SERlE CALC-ALK. SENAL CO~DO~I 

__ 1100 ___ 52 , 73 ·-• OCOO_ 2 74 __ DACITE __ _ ____ PERU ____ $ E~ IE C ALC-AL t< •' SEN~ L C o~woR I 
1200 58 .86 ,0000 272 DACITE PERU SERlE C~>LC-ALI<.--SENAL CONDORl ____ _ 

930 104 0.00 ,OCOO 290 DACITE PERU SE~IE C~LC-ALK. CE~~O HUAYNANATO 
690 32 0.00 ,0000 290 ANDi5ITE PERU SERlE CALC-ALK~ CERRO HUAYNANATO 
9~5 58 o.og .COJO 28u ANDESITE: PERU SERIE CALC-All<. N. SLP Ui3INAS VOLC 

1090 64 0.0 .0000 279 ANDESITf PERU SERlE CALC-ALK. SU~MIT U3INAS VOLC 
1055 63 0.00 .0000 265 DACITE PfRU SERif CALC-tLK. NEVADO A~UNOANE 
1065 93 3.31 .00~0 283 DACITE PFRU SFRIE CALC-ALK. CE~ROS CALIENTE$ 

___ 9 6 0 ___ .. __ 8 2. ___ 3 • 0 3 ____ "' 0 0 0 0 ______ 2 r3 2 _ A N 0 E S I l f- _ -· P F. R U S E R I E C A L C -A L K • C E ~ R 0 S C A L T E N T c S 
. 960 64 2.35 .OCOO 283 ANDtSlT£ -PtRU ___ $[qiE CALC-AL~. CE~POS CALIU~TES -~-. 

0 0 2.25 .0000 283 RHYOLITE PERU SE~IE CALC-ALK. CE~ROS CALIENTE$ 
900 43 0.00 .vOOO 265 ANDESITE PERU SE~IE CALC-tLK. CE~ROS CALIENTES 
840 _39 C.OO .uCJO 2i30 At~OESITf PERU SERlE CALC-t.LI<. CERPOS CALIENTES 

---860 ____ 41---0.oo··-·-.OLOO ----·281 -- ANDtSITF-- -PfRU ____ SE~IE CALC-ALk. CERPOS CALIENTES ---
960 78 0.00 .0000 281 ANDESITE PERU SE~IE CALC-AL~. CERROS CALlENTES 

1075 76 0.00 ,0000 263 ANDESITE PERU SERif CALC-Al~. CORDILLERA B~RROSO 
840 75 0.00 ,C000 267 AND~SITE PERU SE~IE CALC-ALK. 
925 71 0.00 .OCOO 350 ANDESITE PfRU S~RIE CALC-AL~. C&RRO ISCj A~AOUE 
8 7 5 7 7 0, 0 0 • 0 v 0 0 3 6 2 A ,'·Hl E S I T E PERU S E R I E CALC- AU< • C E R P 0 I S C A MU QUE 

1035 102 0.00 .0000 362 DACITE PERU SERlE CALC-ALK. CERPO P~TI~A 

180 

185 



__ e~; __ . _ __lg6. __ o.oo_.ogog._z95 __ o~c~!ir --~~~H ----- ~ ~~ ~~ E~t~-~LK. ~ERRO AZ¥FRE 
9 5 7 0•00 .o 0 290 A 0 A -ALK. E.R P 0 AN A J AVE 

1100 110 o.oo .oooo 298 DACITE PE:RU S E~ IE CALC-AU<. CERRO PURUPURU~I 
117!) 93 o.oo .oooo 277 DACITE PERU· S ERIE CALC-AU<. TUTUPACA VO'LC ANO 

190 990 35 o.oo .oooo 252 ANDtSITE PERU S ERIE CALC-ALK. CEKPO ARUNDAYA 
980 117 o.oo .ocoo 275 DACITE PERU S [~IE CALC-ALK. CERRO TORO BRAVO 

1390 75 o.oo .oooo 273 DACITE P F P.U Sf~ IE CALC-All<. TIC SAN I VOLC~Nu 
1075 71 o.oo .oooo 273 DAC IT 1: PERU SE'~IE C.\LC-U:K. TIC S.AN 1 vnLCAN1 

__ 14 2 5 ____ 6 9 ______ o • o o ___ • o o o o ···--· 2 73 _ o A c 1 r c ··- - PFJ:(U SF.~ IE CALC-All<. TICS MH VOLCAHCJ 
. 195 1310 78 o.oo .ouoo 273 DAClfE PERU S E~ IE CALC-ALK. TICSANI VOLCANO --

845 125 2.30 .oooo 314 ANDESITI: PFRU S EK IE CALC-All<. CERRO CAfJCAYCO 
930 133 o.oo .oooo 225 DACifE PERU S E~ IE CALC-All<. CERRO CHULLUNOUIAN 
835 154 4.98 .oooo 295 DACITE PtRU S EK IE CALC-ALK. CERPfJ C HULL U ~~ 0 U IAN 
790 91 2.83 .oooo 297 AtHH:SlTE PfRlJ S ERIE CALC-All<. cun~n ~HULLU~OIJIAN 

200 1010 170 5.05 .oouo 294 DACITE PERU S E~ IE CALC-All<. CE~RO HULLUNOUIAN 
1335 72 o.oo .oooo 312 . ANDl5ITE PE-RU s~~rE CALC-All<. CtRPO CAi>ACA 

-- l ~68 ·····-· 70 ·----- 1. 55 - .couo 327 ANDE'iltE. PERU S E~ T E Co\[l.-Alt<. CHI LA VOLCANO 
69 o.oo .oooo 325 AND£SI E PERU S ER 1 E CA C-ALK. CHI LA VOLCANO ...... 

980 108 o.oo .oooo 313 ANDESITE PFRU S ERIE CALC-All<. w. f!F CHI LA Vf)LC. 0 

205 1190 76 2.52 .coco 324 At~ 0 E SITE PERU S ERIE CALC-All<, w. OF CHI LA VOLC. l11 

lOBO "12 o.oo .oooo 320 ANDtSITE PERU S ERIE CALC-ALK. w. CF CHI LA VOL C • 
1175 130 4.22 .oooo 340 RHYOLITE PFRU S ERIE CALC-All<. 
1335 113 1.68 .oooo 341 DACITE PERU S ERIE CALC-ALK. 
1000 192 5.04 .ocoo 338 RHYOLITE PERU s E~ r E CALC-ALl<. 

210 ~90 _____ lOl ___ o.oo ___ .vuoo 315 ------- ANDESITE PfRU S FR IE CALC-All<. 
- ·- - -· . ·-·-·- ··---·- - - -- ---- - -~--· -----

78 5 104 4.23 .oouo 324 ANDESITE ·-PERU -- S ERIE CALC-All<. 
0 0 o.oo .oooo 305 RHYOLITE PERU S ERIE CALC-~LK. LAGUNA LORISCOTA 
0 0 o.oo .coco 305 RHYOLITE PERU S ERIE CAL C-ALK 

810 96 o.oo .uuog 302 11NDESITE PERU S ERIE C~LC-ALK 

215 920 99 o.oo .• 000 298 DAC In: PERU S LR IE CAL C-ALK 
1570 50 o.oo • OOOr) 387 ANDESITE PERU ' S E~ IE SHQSHO~ITIC • 
1400 54 1.88 • oooo 390 ANDESITE PERU S lR IE SHOSHONITIC • 
1670 77 o.oo .0(,00 387 ANDt:SITE PERU S ERIE SHlSHr.N IT It. 
1565 61 1.41 .oooo 390 ANDESiTE PfRU S ERIE S H 'l S H 0 ~; I T I C •. 

220 1'>80 61 c.oo .OOi)O 38 7 ANDES I Tf Pt~U SERlE S~DSHtJNITIC. 

1925 74 1.44 .oooo 38~ ANDES! Tf Pl-:RU S ERIE S H D S 1-J (l N I T I C • 
1950 68 1.55 .oooo 380 ANDESlrE PERU S E~ IE SHUSHONITIC. 
1625 74 1.53 .oooo 379 . ANDtSlfE PERU S E~ IE SH·1SHONITIC • 
1095 61 o.oJ • oooo 400 ANDE:)l fE PERIJ S ERIE SHn)HONITIC • 

225 1815 102 1.80 .ccoo 4() 7 OACITI: PF.RU S ERIE s~~iJSHC'NlTIC. 

-- l74g ·-·-· -8~ ---·- i: 5§ -··· : gggg 415 AASALT PERU SF R IE SHC15HO~ITIC. PUCARA VOLC. 
·---- 42 2 OAC!f£ PEQU S ERIE SHOSYONTTIC. s .e. -·-oF Jurr--

0 0 o.oo .oooo 395 BASALT PERU SF. RT E SHO)-i0Nl1IC. 
1535 60 o.oo .LvGO 3"/5 ANDlSJTE Pf.RU Sf R It ) H 'l ) d ( 1 N 1 1 I C • HUENOU~ RIVER 

230 0 0 o.oo .oooo 3(17 . MHl t S l f f. P£PU S £ R 1 E SHO)HUNITIC • HUENOU R VER 



235 

240 

245 

0 0 0.00 .0000 386 ANDESITE PERU· SERIE SHOSHONITIC. HUENOUE RIVER 
0 0 0.00 .0000 310 IGNIMB U-PLIO CHit~· TOCONCE (BELO~ SIFON IGNIMB)e 
0 0 o.oo ·.ovOO 310 IGNIMB U-PLIO CHILe TOCONCE (LOWEST UNIT). 

-----8---··8-----8:88----:8888 ··-----~r~----fg~~~~ ------~=~riB ---··-·~~It~ 6~t~~~ fg~I~~= ·8 8 8•.88 .. o
0

c
0
'80o 331

18 lGGN.~II.jBB U-PLI~ CHILE ~AN ~4RTnLO Fr~MAT~O~. I .~ ~ U-PLIO CHIL~ SAN RAPT~LO f[~MAT ON. 
0 0 o.oo .ucoo 243 IGNIMB U-PLIO CHILE cn~OILLE~h ~fDIA, LOC. BEST ESTMTD 
0 0 0.00 .• 0000 325 IGNIMB U-PLIO CHIL~ PURICA~ IGNI~r. 
0 0 O.OC .0000 310 IGNIMB U-PllfJ CHILE PtJ~ICAR IGNif'IB. 
0 0 0 • 0 0 • 0 (J 0 0 3 2 5 I G N I "\ B U- P L I 0 C H I l E P U r} J C A P I G IH M 0 • 

____ 0 0 0 • 0 0 • 0 0 0 0 3 1 3 I G N .J.'10 U- P l I :J C H I L t S I F D N I G N I ~ e • 
0 0 () • 0 0 • (J u (., 0 3 1 3 l G N 1"1 B U- P L I n -··-·-····· C H I l E --·-·-·· S I F fl N t G ~~ HI ~ • 
0 0 0.00 .0000 295 IGNIMB U-PLIO CHILE SIFON IGNI~1B. 
0 0 0 e 0 0 • C 0 u 0 3 3 5 l G N C1 B IJ - P l I Q C H I l E T n C n N h n I G N I M 0 • 
0 0 0 00 0000 335 IGNI~B U-PLI11 CHILf: TllCr:lNhD IGhl~B. ----·-o·----· 0----- o·.oo •.OC>OO 334 l''Nl~('l -·---· .----· -----1:1 • u u-P L I a cHILE T nc ry~ An r G N I M B. 

920 100 0.00 .0000 317 LAT-ANDE QUATERNAR CHILE S. T4TIO VOLCj~Q 
71 0 tt 5 0 • 0 0 • 0 0 0 0 2 7 7 L A T-AN 0 E QUAT E ~ tU R C H I L E S A "l P E 0 R 0 V 0 L CAN 0 
720 135 0.00 .0000 272 DACITE OUATE~NAR CHILE El VOLCAN 
870 115 0.00 .0000 267 R-DACITE QUATERNAR CHILE N.E. OF SALAR DE HUASCO 

1000 BO 0.00 .0000 271 LAT-~NDE OUATE~NAR CHILE N.~. IR~UPUlU~CO VOLCANO 
1400 QQ 0.00 .0000 270 LAl-ANDE QUATE~NAR CH1LE W. CHELA VOLC.NO 

__ 1110 ___ 7-D --· 0.00 __ .0000 ____ 273 l.AT-A~IOE QUAfERNAR CHILE We OCANA MINf 
3 5 0 ;r 5 0 • 0 0 • 0 0 0 0 2 6 2 - l A T-AN D E .. - QUAT E ~ N A R ---- C H I L E ·--- N • SA L A R 0 f C C P 0 SA. ·- --
600 35 0.00 .0000 263 LAT-AtlDE OUATEi~I~AP. CHILE N. SALAR DE CrPOSA 
580 20 0.00 .0000 380 LAT-ANOF QUATE~NAR CHILE PIEDRAS NEGRAS VOLCANO 
560 45 0.00 .0000 392 LAT-ANDf OUATERNAR CHILE N. SALAR Of L'CO 
490 10~5 0.00 .oouo 410 R-DACITE QUAlE~tUR CHILE E. SALAR DE LACO 
580 70 0.00 .0000 360 LAT-AnDE OUATE~NAR CHTLE N. TUMJS.\ VOLCANO 
4 9 0 €! 0 0 • U 0 • 0 0 0 0 3 t 1 L A T - A N D E 0 U A T E R ~~ A R C H I L E \J • L A S C A ~ V 0 L C A N 0 
600 3~) 0.00 .0000 3C7 LAT-.O.NDE OUATERNAR CHILE S.W. SOCfH1PA VOLCA~O 

---- 6 8 0 ---- 3 ~; --- 0 • 0 0 ----- • 0 0 0 0 --- 3 0 5 LA T-At~ DE -- 0 U ATE~ N .\ R --- C H t L E --- W • S 0 C I'J "\ P A V n l C A~ 0 . --
590 80 0.00 .COCO 304 CACITE QUATE~NAR CHILE We SOCJ~PA VOLCANO 
300 20 o.oo .0000 282 AND~SITE OUATE~NAR CHILE S. MONTURAOUI 
BOO 2~ 0.00 .OOJO 270 LAl-ANDE OUlTE~NAR CHILE BET. MONTURAOUl AND IMILAC 
530 115 0.00 .0000 272 LAT-ANOE CUATERNAR CHILE S. SALAR PLATO DE SOPA 
5 9 0 1 1' () 0 • 0 0 • 0 0 :) 0 2 7 5 l A T I T E 0 U A T E ~ ~J A R C H I l E E • S A L A R D E ~ G U A A .., A R G A 
4 9 0 1 =· !; 0 • 0 0 • 0 C l.J 0 2 8 7 L A T - A N 0 E Q U A T E K N A. R C H I l. E S • E • C F R R n ~, Z L F F<. E 
58 0 i' C) 0. 0 0 • 0 C 0 0 2 6 0 LA T- .HI r> E QUAT E ~ N A R CHI L E W • SAL A R A G U AS C A L IE N! E $ 

250 

255 

260 

265 

270 



Sample 
No. 

- 1 

2 

3 

4 

6 

7 

8 

9 

11 

14 

15 

16 

17 

18 

19 

21 

22 

26 

30 

31 

32 

33 

34 

35 

107 

TABLE 2 

Analysis of South-Central Andean volcanic rocks • 
. These samples represent localities from 242 to 

536 km from the Peru-C~ile trench. All values 
in ppm. In brackets, for comparison are the 
values reported by Zentilli (1974) for the same 
s~ples. 

v Ni Li cu · Zn 

123 (107) 13 (11) 26 27 (31) 85 (24) 

108 (119) 10 (9) 31 27 {20) 81 (43) 

135 (100) 11 (25) 38 27 {16) 79 (48) 

56 9 31 19 74 

164 (185) 15 (26) 19 30 (32) 94 (68) 

139 (122) 11 (11) 30 14 {21) 93 (33) 

·.as 4 48 10 57 

101 60 28 28 73 

1 15 35 6 57 (72) 

73 {45) 6 38 11 (1) 61 (30) 

21 12 32 10 55 

126 (145) 16 (9) 19 10 (10) 76 (24) 

124 not 14 24 61 
detected 

113 12 21 6 95 

86 (152) 18 (13) 14 31 (36) 96 (25) 

77 {85) 10 tr=\ 56 ~ . f.,~ ~~ ... {l07j \-'1 
,...,_ ' . ; I I .. 

125 11 26 23 69 

236 74 15 15 90 

259 34 92 El 87 

58 7 12 108 37 

84 ·43 31 so 118 

104 6 26 57 112 

360 205 23 56 48 

121 31 19 37 280 



TABLE 4: Useful calculations. sur-1ALK= Sum of the alkalines= Na20+K20. FE. Sr.1GCA= FeO total + 1/2 (MgO + CaO) • 

AL/SI = Al203/Si02. K/Na = K20 1 Na20. FE/MG = FeO total/MgO. All values for the major oxides are 

in weight percent. The values of distance are in km. 

NMBR CaO Si02 FE.SMgCa J\1/Si K/Na Fe/Mg Fe (tot) *Fe* *Alk* *Mg* . K-index Dist. 

61;6~ ~.21 -.~a .eo 2.11 S.32 jff~~s 47.19 14.23 179. 331~· 

~~=~~ S:BZ :~' :3g ~:~a ~:~R ~~:9~ =~:~~ i~:ta lal: !~J: 
4 1.50 : 6.~5 64.80 7.30 .25 .78 2.76 4.14 !2.89 55.?0 11.91 154. 322. 

--S----Ze08---4efl3--7la7'5--- 7e52----e16------e4l 1e94 4e03 -~---36e47 ___ 44e68 ____ 18.85. 53a 316. ___ • 
b 3.40 5.~1 57.60 11.20 .29 e60 1.79 6.10 39.0~ 37.96 22.21. l73e 3Ule 
7 2.32 6.00 60.35 9.02 .29 .65 2.08 4.82 36.tv 45.66 17.65 154. 289. 
a .ao 6.17 62.65 7.78 .28 .62 h.04 4.83 40.92 5?.3C 6.IB 134. 2HB. 
9 2.5) 5.6~ 62.40 8.92 .27 .44 1.71 4.27 34.36 4~.53 20. 1 99. 258. 

10 1.57 5.79 62.20 8.46 .27 .51 ~.69 4.23 3~.49 49.97 13.55 113. 258. 
11 .25 9.93 70.80 1.83 .20 .so 4.34 1.0~ 9.f3 88.15 2.22 171. 256. 
12 .41 7.~3 72.43 1.77 .18 1.55 ?..41 ,99 10.71 04.A5 4.44 174. 215, 

--.1.3----l· 5IJ----6. 42 ---62 .9J ---- 6, 89-----.27 ----- .61-----l~. 35------3.53 ----- 30.81 ·--- !i6. 09 13.11 ---- 136. 2't6. -· 
14 1.~2 6.37 62.lu 7.64 .ze .60 2.65 3.76 32.57 ~5.l't 12.2~ 140. 244. 
15 .uo 6.9o 66.15 4.3A .z5 .6o 2.56 z.u5 zt.ct 1o.1a a.zt lzz. 242. 
16 2.0~ 4.8U 57.80 9.42 .31 .59 ?..43 4.90 41.83 40.94 17.23 40.· 247. 
17 2.39 6.02 5A.60 9.10 .31 .52 1.82 4.34 34.C6 47.26 18.66 152. 247. 
18 2.CO b.4J 59.5J 8.~1 .30 .39 2.10 4.21 33.37 50.77 15.86 123. 248. 
19 1.32 6.85 63.50 7.99 .28 .44 ~.39 4.47 3~.38 ~4.18 lu.44 114. 238. 
ZO ,75 6.11 65.05 5.79 .25 ,58 3.AB 2.91 29,f1 62.52 7.67 112. 2~8. 
21 .1.32----6.69 o~.9o 5.<f5------------·Z5 .51----- ?.lo ____ z.aa 26.~0 61.37 12.13 116. 2313. 
22 2.49 6.89 61.90 9.33 .27 .72 2.10 5.23 J~.f1 47.15 17.04 170. 331. 
23 4.93 6.14 50.46 12.27 .28 .75 1.22 6.01 3~.18 35.45 28,87 196. 341. 
24 3.46 6.82 6G.09 10.48 .26 .75 1.56 5.40 34.4~ 43,50 22.07 194. 353. 

-· 2 , ···---- • 6 2 ---- 4 • 6t) -- 8 3 • (; '1 1 • 4 1 --- • 12 • 2 9 l. • 5 8 ----· • 9 8 1 5 • f 1 7 4 • 1 9 1 0. 0 0 2 7 ., 3 59 • _..:_ ... 
26 .5l 4,99 63.92 3.67 .oa 1.23 6.20 3.10 3b.l2 58.~6 5.83 11. 360. 
27 .26 7.35 7~.16 1.74 .20 4.53 5.26 1.37 15.24 61.87 2.90 200. 442. 
2a 1.34 6.so 63.23 7.56 .28 .41 2.92 3.92 32.49 56.40 11.11 109. 436. 
29 1.12 5,b6 7G.56 5.57 .22 .25 2.78 3.11 31.47 57.21 11.32 44. 450. 
30 4.15 6,f0 51.4q 15.86 .33 .55 2.07 8.58 44.~9 34.15 21.47 361. 497. 
31 .~3 7.20 . 68.4l 5.44 .25 31.73 4.32 4.01 33.C5 59.29 7.66 299, 498. 
32 2.23 5.35 63.06 9.85 .25 ].37 ~.13 4.75 38.53 43.39 18.08 171. 498. 

-3 3---2.51-- 5. A9----63 .61-- J1.55 ----· 26----1 .06------ 1. 79-----4 .4H ··--- 34. eu --- 4 5.12 --19.48-----163 •----- 505 •--
34 4.34 5.24 5G.87 17.15 .34 1.14 2.14 9.27 49.19 27.79 23.02 .475, 500, 
35 .73 8.77 61.24 7.25 .31 .80 6.43 4.70 33.C8 61.78 5.14 240. 535. 
36 1.59 a.23 61.11 e.~o .28 .78 3.5o 5.57 36.19 53.48 10.33 223. 536. 
37 2.5~ 7.15 63.80 8,33 .25 .67 1.77 4.57 31.~5 ~C.G1 18.04 153. 296. 
38 2o4b 7,62 64.42 8.15 e24 e49 ],87 4,61 31.36 51.89 16,75 129e 296, 
39 2.22 7.24 63.92 7.96 .26 ~70 1.97 4.37 31.t0 52.35 16.05 157. 296. 
4c 1.6a 7.46 65.51 6.11 .26 .63 1.85 3.11 25.40 to.e9 13.71 140. 296. 

--41--· -2• 3 7--7.16----64.03----- 7.91 • 26 ------• 70-- 1. 80---- 4. 26---30. E8 --51.93---17.19-- 15.4 • --296 • --
42 .99 7.18 64.56 7.21 .27 .61 4.33 4.29 3~.3~ 57.66 7.95 139. 296. 
43 2.~0 7.12 64.7~ 7.75 .25 .75 ].77 4.25 30.86 51.71 17.43 155. 296. 
44 2.53 7.00 64.20 9.11 .23 .56 ].96 4.9b 34.23 48.31 17.46 130. 294. 
45 l.C~ 7.81 67.57 5.34 ~24 ,71 2.73 2.97 25.C3 65,79 9.18 144, 296. 
47 4.0J 4.81 55.52 14.22 .33 ,26 1,94 7.75 46.E1 29.04 24.15 93. 288, 
48 5.71 5.27 5~.64 13.51 ,30 .46 1.23 7.02 39.CO 29.28 31,72 143. 296. 
49 s.a4 5.2~ 57.07 13.28 .29 .46 J.l4 6o64 37.?7 29.77 32.86 138. 296. 

--50----5.74---5. '9---53 .43--12.65 • 28 .51---l .11---6.35--.25. 93 .. -- 31.61----3 2. 46 .. ----140.---296 ·--
51 3.~7 5.84 58.72 11.69 .29 .54 1.57 6.23 38.85 36.40 24.75 150. 296~ 
52 4.q9 6.C7 58.53 12.10 .28 .62 1.?3 6.16 35.75 35.26 28.99 171. 296, 
53 3.~2 5.97 59.14 11.23 ,30 .57 ],67 6.~4 3A.t5 38.19 23.16 153, 296. 
54 2.72 6.76 59.56 10.02 .30 .54 ].-1-l 5.39 36.26 1;5.45 19.29 1~2. 296. 
55 2o2J 6.76 61o6r) 8.98 .29 .55 £:.32 5.11 36.30 48.C6 1?.64 144. 2ft6e 
56 1.97 7.51 61.66 8.70 .28 ,53 ?.66 5.24 35,62 5l.G1 13.38 157a 296 •. 
5 7 2 • 7 3 6 .J i' 6 2 • 61 9 • 3 <t • 2 7 • 9 2 1. 8 4 5 • 0 3 3 6 • 12 4 4 • 2 9 1 9 • 6 0 1 6 8 • 3.11_. 

~ 
0 
00 



--58---2-.-40 ~ •. 15--~9.66 10 •. 92----•30---59-- Z.46----5.90---40.E2---42.57--16.61---·155 •... __ 3Q4.___ 

6
5

0
9 z •• 53 7.oe 6Z.B5 7.9z .z1 .73 1.63 4.12 3o.cl 51.57 18.43 167. 38'-• 

3 11 6.~0 59.78 9.69 .30 .70 1.72 5.35 34.83 . 44.92 20.25 191. 3 4. 

~~ ~=~g l:i£ ~}:~~ 1~:r~ :~I :l~ t:b~ ~=~j ~~:f:; ~~=l~ ~6:g~ !8~: -~8~: 
63 .76 6.32 71.16 3.88 .21 .96 3.15 2.40 20.~9 72.49 6.62 156, 304. 
64 .6~ ' 8.06 71.49 3.58 .21 1.00 3.51 2.28 20.75 73.33 5.91 153. 304. 

--~~--=~2-......--· _g:,~~ -~~:2g~---~=~~-·_.:i~----·-r=~~-- ~:r6 ___ l:~~---!~:1~--- ~~:~g· ~:~g _____ l~~: ~22: 
67 1.19 8.JO 67.73 5,55 .23 1.24 2.57 3.06 24.~5 65.33 9.72 1Y5. 385, 
68 1.26 6.37 67.64 6.43 .23 1.50 2.R2 3.56 31.78 56.95 11.27 169. 420. 
69 1.~1 6.~9 68.10 5.82 .24 1.~1 1.93 2.91 .26.t7 ~9.49 13.04 154.· 451. 
70 2.12 6.LO 64.54 8.48 .25 1.v9 ~.20 4.66 36.16 47.37 16.46 163. 475. 
71 1.?4 6.L9 7Q.85 5.72 .20 1.75 ~.79 3.45 31.73 56.87 11.39 152. 385, 
72 1.,a 7.70 6r.87 5.95 .22 1.44 ~.12 3.35 26.~0 t0.99 12.51 199. 360. 
74 4.23 5.78 61.29 10.65 .26 .90 1.39 5.03 36.79 36.50 2~.71 168. 480. 

---75----- .97---7.35------69.66--4.14----•23 .. --l•Ol ;~.64 2.56---22.47 t9.(;C EJ,,3 ___ l6C.e _____ 472 .• 
76 2.16 5.06 63.64 9.49 .27 1.19 2.51 5,43 42.~1 40,Gl 17.08 148. 385, 
77 1.oo 6.3& 65.~5 7.32 .25 1.13 2.51 4.27 ?4.72 51.77 13.51 193. 385. 
1a z.t's 6.0? 65.06 o.~l .~4 l·69 ~.36 5.oo 3e.c3 45.e3 16.1_4 188, 36Q. 
79 .A 1.b.. 69.39 5.c9 e.:-2 ,58 ;).71 3.16 27.11 65d.:O 7.30 92. 365. 
eo l.Q2 6.C5 65.26 7.43 .26 1.42 2,13 4.10 33.96 50.13 15.91 175. 425. 
81 1.95 6.05 63.02 9.?4 o26 1.38 2.72 5.30 39.P6 45.48. 14.66 195. 4EC. 

- ~ j __ j: 6 J .... - ~: tS I~ ·-·-- ~ ~ : ~ ~ --·-- t: '~ ···--· : ~ ~ f :1 ~ ---·. ~: ~ 8 ·---· ~ : ~ 6 ~ ~ : l ~ ···-·- ~ s : i ~ ··- .. ! ~ : f ~ .t ~ ~ : ~ § b : 
84 3.12 4.q3 61,11 10.54 .29 1.05 ],Q5 6.09 43.G2 34.90 22.00 156, 430. 
85 2.12 5.25 61.74 10.30 .26 .78 ~.87 6.09 45.25 39.CO 15.75 137. 370~ 
Ob 1.7~ 7.42 63.91 7.86 .26 .10 2.50 4.48 32.73 54.19 13.L7 161. 345. 
87 2.12 7.1B 64.57 7.73 .25 .76 2.04 4.32 31.71 52.72 15.57 158. 345. 
ea z.b~ 5.7a 64.48 9.16 .24 .63 1.12 4,93 3t.32 42.60 21.oa 115. 3bo. 
89 2.11 4.50 57.29 12.55 .3Z ,47 2.56 6.93 49.C2 3l.e2 19.16 117. 480. 
9 o e • o 9 3 • '~ 6 5 5 • 1 1 1 6 • 1 5 • 2 a • 1 o . 1 • o 2 8 • 2 a 4 o • c; 3 1 9 • c 8 3 ~ • 9 9 1 56 • 4 t. 8 • 

--96--7 .l 7 ---6· :l•t----54. 5'l--15 .oz ·• 26----1.2 9----l· 04----7.43.---- 35.49 ___ 30. 2 7 ·-----3 4. 24 ----3 73. --- 500 ·--
97 7.69 6.:39 53.27 15.45 .28 1.30 1.05 8.(,3 3t.;4 28.91 34.75 437. 500. 
98 7.61 7.u6 54.37 14.33 .21 1.39 .95 7.19 32.c;o 32.29 34.81 439, 5oo. 
~ 9 5 • 3 1 5. <~ 6 5 ~ • 8 4 1 3. 3 5 • 2 8 • 7 5 l • 3 3 7 • 13 3 A • t 1 3 2 • 2 9 2 9. 1 0 215 • 4 4 0 • 

-100---7 1 13-----5.cl 1t 7"--52.79.--16o0'1-----•31 ----o46-------lol6 8o30 39,76 --26oC7 34.17 221. 413•---
101 7.15 5.17 52.7~ 16.25 .30 .44 1.17 8.37 40.C8 25.70 34.22 212. 413. 
1 0 2 6 • 9 8 5 • ~~ 3 5 4 • 3 6 1 4 • 8 8 • 3 0 • 5 9 1 • 1 0 7 • 6 9 3 R • C 8 2 7 • 3 7 3 4 • 5 5 2 2 C • 4 1 2 • 
103 6.94 5.52 54.52 14.90 .30 .60 1.10 7.65 38.03 27.46 34.52 216· 412. 
104 6.9~ 5.~3 54.4J 14.91 .30 .60 1.10 7.66 38.16 27.06 34.78 217. 412 •• 
10~ 8.73 6.JQ 51.87 16.20 .29 1.10 ,90 7.A2 34.CB 27,86 30.06 486, 520, 
106 8.76 6.39 ~1.61 16.19 .31 1.07 .89 7.79 33.S6 27.86 38.19 501. 5~0. 
107 9,82 5o'llt 50o~~t3 17,15 .29 .• 97 .80 7.83 33.18 25.18 4lo63 497e 520, 

-108---.--6.27----5.::14---~5.15 ----14.8&----•29 ·----•63-----1.10 ~------6.92 ---37.35 --- 2B.e1 33.83 ____ 203. ___ 413. 
109 6,66 5.12 S5.41 14.58 .29 .62 loC6 7.06 37.46 27.18 35.36 1~7. 415. 
110 3.15 6.~2 62.84 9.85 .25 .82 1.6~ 5.34 36,C4 42.68 21.27 160. 425. 
1l1 5 • 0 9 6 • (I 0 6 0 • 1 7 1 1 • 5 5 • 2 6 • 8 7 l I 1 7 5 • 9 4 3 4 • 8 9 3 ~ • 2 2 2 9 • 8 9 1 8 4 • 4 9 5 • 
1~2 5.13 b.~Q 58.30 11.84 .27 .96 1.20 6.16 34.46 36.85 28.69 242. 500. 
113 1.1~ 7.62 69.58 4.87 .23 ,8Q ,,13 2.~3 22.:2 t7.l8 10.49 146. 420. 
114 5.42 6.65 49.24 17.16 .35 .74 1.6o s.6a 4l.e2 32.c5 26.12 a1o. 715. 
115 3.88 B.33 50.65 15.~0 .34 .95 ~.24 8.69 41.54 39,89 18;58 717. 715. 

-ll ~ -·--4. 01---.13. t..;~ --so .613 --15 .09----• 36------.71-----1.97 ___ 1.91-----3 e. e~ ----41.4 3 ------19.71 ____ 616. __ 715. ·-
117 5.0b 8.~2 51,78 13.09 e32 .90 . 1.20 6.C7 31.37 42.48 26.15 574. 715~ 
271 4.22 6.42 53.0b 13.48 .33 .93 1.69 7.14 40.14 36.12 23.74 383. 715. 
11 6 2 • 7 0 7 • f.. F.l 5 5 • 7 g 1 ?. • 7 4 • 3 2 • 6 7 2 • t 6 7 • 1 7 4 0 • f 6 4 3 • 7 5 1 5 • 3 8 2 8 6 • 7 1 5 • 
119 2.73 10.43 56.43 10,66 .30 .Bl 1.96 5.45 29.21 ~5.69 14.90 409. 715. 
120 1.85 1u.21 5~.43 9.14 ,34 .e3 2.55 4.72 2B.l3 to.es ll~J3 4o5. 715. 
121 1.~6 9.60 57.39 8.42 .35 .69 2.68 4.45 28.31 61.12 lt.57 316. 715. 
122 2.20 1G.86 6G.l0 5.93 .31 .81 ,97 2.13 14.(1 71.50 14.49 321, 715~ 

---123 --l.eo---11.2·2-----62.67--- 6.o9·-~--·25 .e1 1.54------ z.eo .... l7.e5 _______ 7o.5fl ____ 11.59 287. __ 71?· 



18it 3.39 6.5e 60.18 10.94 .27 .72 1.81 6.15 38.14 40.83 21.03 181. 36Z • 
1135 t·98 7elA 63.45 8.58 .26 ·~2 z.41t 4.83 34.51 51.34 14.16 176. 362. 
18b .94. 7.00 62.75 8.98 .27 • 9 2.74 5.32 ~7.31 49.~9 l3.b0 175. ~Q5·. 
1137 2.09 6.b2 b0.63 10.39 .2a .11 z.oz 5.83 37.'il1 43. 7 8.65 a 4. ~0. 

lBB 1.89 7.b6 66.18 6.89 .23 • e e 2.03 3.84 za.ta 57.21 14.12 169. 298 • 
1811 2.12 7.41 63.88 B.33 .25 .9 0 ?...21 4.02 33.t.O 51.63 14.77 1'36. 277. 
1<~ 0 2.85 6. BC· 59.15 10.52 .30 .. 4 5 2.04 5.82 37.t0 43.97 113.43 148. 252. 

--191--1· 6"1----7. 70---67.08--- 6.43 .23 ---·89--.-2.04 --· 3.45 . -- 2 6. 8 8 --- 59. 9 6 ____ }3. 16 ------ 16 4 • -- - 275. __ 

192 1.6~ 7.80 65.66 6.78 .24 • 71 2.33 3.87 29.C5 5B.50 12.45 164. 273. 
193 1.97 7.4~ 65.36 7.00 .25 • 6 9 1.95 3.83 28.85 56.32 14.83 150 • 273. 
194 1.83 7.75 65.26 6.89 .25 • 7 3 2. 1'• 3.91 zs.c;a 57.45 13.57 162. 273. 
195 1.67 7.eg 65.64 6.60 .25 .81 2.25 3.76 28.25 59.20 12.55 171. 273. 
19~ 2.84 7.35 62.64 9.10 .26 .a 3 1.67 4.74 31.74 49.23 19.C2 1d9. 314. 
197 2.04 1. 3 ~i 64.63 7.67 .25 1 .o 9 2.07 4.22 31.(1 54.00 14.99 196. 225. 
198 ~·!3 7.67 64.06 8.18 .25 1.01 2~23 4.76 32,t:R 52.69 14.63 ·z o 3. 295. 

-.1 1'9 -- • ~----6• 59-- ~9.62 ----10. AS----•29 ---- .73 --- 1~75 --5.91 37.22 -- 41.~0 21.2S 190. 2H. 
200 1. 15 8. 2 fj 6~.54 5.99 .26 1.07 3.02 3.48 2b.C,4 64.15 e.'il ?09. 294. 
201 2.34 7.41 61. 2?. 9.49 .28 • 79 ?..29 5.37 35.50 49.02 15.48 201. 312. 1-' 

20' 2.47 7.4':.. 61.17 9.53 .27 • 7 2 2.17 5.36 35.16 4 8. l• 3 16.2! l-}2 • 327. 1-' 

2J3 2.'1~ 6. 0 '> 6C.OO 10.69 .28 • 7 3 2.02 6. 0 3 38.(0 43.22 18. 1 a 93. 325. 0 

204 2.35 7. 6 ~i 61.91 9.06 .21 .a 6 2.1?. 4.99 33.27 51 • 0 5 15.68 2(j9. 313. 
205 3.50 7 .ll. 59.:1o 10.89 .26 • 7 2 1.75 6.14 36.66 42.45 20.'10 199. 324. 
206 2.04 7.13 62.12 13.71 .28 .a 2 2. '• 3 4.95 3 5 .('7 50.49 14.44 laB. 321)'. 

?.v7 --- • 14 -----·a. 71• .. ____ 12. a 1 ---·- 2. 2 a ---·· • 21 ... -.--1 .o 1 ·- 9.61 1.35 13.16 85.47 1.37 ____ 162. 340. 
209 2.23 1. A': 63.23 8.27 .26 • 93 2,04 4.56 31.19 53.54 }5.27 207. 341 • 
209 .52 8.91 69.24 4.39 .22 1.46 5.45 2.83 23.10 72.66 4.24 218. 338. 

210 3.55 6. 9£~ 60.39 10.74 .27 1.0 4 1.62 5.74 .35.41 42.69 21.90 229. 315. 
211 3.97 6.6b 6C.62 11.04 .26 .s 8 1.40 5.57 34.36 41 .12 24.51 ZOJ, 324. 
212 .04 8.9]. 76.95 .78 .17 1 .06 14.53 .58 6. 10 <13.48 • 4 2 144. 305 • 
213 .07 8.95 76.81 .82 • 17 ] .o 1 7.91 .55 5.79 93.48 .73 141. 305 • 
214 2.52 6.88 62.00 9.41 .27 .9 3 2.09 5.28 35.'15 46.88 17.17 195. 302. 

--215---2. C S---1• 3 t, ___ 63,82-----0, 08----• 26---- .9 6 2. 2 3 -4. 6 0 --- 3 2 • 8 7 ---52 • 4 2--14 • 71--- 191 ·----- 298. __ 

2lo 3.82 6.86 55.60 14.3 7 .27 • 81 2.29 8.75 45.C2 35.32 19.67 2d9. 387 • 
217 4.5~ 6.72 54.44 4.71 .27 .s 2 1. 91 8.65 43.47 33.79 22.73 321. 390, 
218 3.2~ 7.7'-t 58.48 10.98 .29 .91 2.07 6.67 37.83 43.90 18.26 273. 387. 
219 4.83 1. ( 4 54.26 14.34 .29 • a 2 1.63 ., • 8 8 39.91 35.64 24.45 343 • 39G • 
220 5.53 6. Q(; 53.79 14.87 • 2 9 • e 2 1.43 7.92 38.92 33.90 27.17 354 • 387. 
221 3.24 8. '• 4 58.58 10.71 • 27 .e 3 1. 8 3. 5.93 33.t-C) 47.92 18.40 2132. 389 • 
Z2Z 3. 2 :) 7.60 56.58 12.60 .21 • 91 2.34 7.49 40.92 4}.58 17.51 313. 3 8~ • 

- 2 2 3 -- 3. o ·; --- 1. q a -- 59.87---10.36----.26 .a 1 1.93 5.99 3 4 • 8 9 . --- 4 7 • 0.2 18.09 240. 37 • 
224 6. 7 J 6.16 54.93 14.79 • 213 .8 2 1. 14 7.72 37 .. 36 29.82 32.82 279. 400 • 
2 2, 1.43 8.71 64.99 6.60 .25 • 9 8 2 •. , 0 4.14 20.r,9 60.99 10.01 215. 407 • 
226 ~.2~ 6. 112 ~4.29 14.98 • 29 

1 :6 i ! . '31 8.17 ~9.~5 30.fl3 2~.92 ~ 3 ~ •. 4~5. 
? 2 7 • '-1 ') H.l4 3.i3J 7.79 • 25 .40 4. 0 1. 6 55.00 1 .24 1 d. 4 2 • 

22 8 8.22 5.'-15 51.5 1t 17.C4 .29 .o 5 ] • 1) I, 8.75 3 8. l 9 25.96 3~.86 . 417. 395. 
2.!.9 z.u9 7.a4 5Q.69 10.44 • 27 • 7 5 2.6~ 5.55 35.86 50.64 13.50 228. 375 • 
230 2.4') 8.84 62.07 9.2() • 27 .59 2 •. ~ ~ 5.39 3?.37 53.C5 }4.58 193. 387 • 

-· 2 3 1 ------ 1 • 1 () --- 6.16 57.73 ____ 13.44 .... --- .25-------- .e~ .92 6.5~ 33.01 30.95 35.9.7. 222. 3 86. 
2 3 2 l. 81 6.62 6l.d()' 9.74 .21 • 9 5 3.11 5.63 40.(6 47.07 12.t37 192. 310 • 
233 2. 6 :l 6.05 62.~1 9,'35 .27 1 .o 3 ].94 5. l 1 37.L6 43.87 19.07 177. 310. 
234 1.21 6.38 65.82 ~.91 • ? 5 1.01 3.14 3.80 31.C1~ 57.e5 10.17 166. 3 2 5. 

--2 3 , ___ 1 • o ~ ____ 1 • 4 2 ___ 613 • 61------ 5 • 6 o ____ • z 2 ---1 .1 4 ___ 2 • 7 8 ____ 3 • co ____ 2 6 • 11 _____ 6 4. s c ____ 9. 3 9 ___ 16 a • ___ 3 r s • _ 
236 1.02 7.52 6Q.54 4.59 .23 1.28 2.30 2.43 22.12 t8.58 9.30 172. 3 o. 
237 .50 8. lt l 70.81 ~.9FJ .22 1 .1 7 4.H4 2. ,, 2 21.37 74.22 4. 41 176. 310. 
238 • 4 5 e.ti.l 73.33 2.15 .zo .a 2 z~ n 1. 2 6 11.94 H3.79 4.23 l4:J• 24 3. 
23.:t 1.8-'l 6.46 64.97 7.42 .27 .9 9 2.?.2 4.12 3 3. 12 ~1.93 1 4. i 5 161. 325. 
240 l. 41 1.02 65.'J9 6.83 .• 26 1 .1 5 . 2. 71 3.83 31.23 ~ 7. 2 7 11.50 181. 31C, 
241 .46 6. b 1t 6 j. ,, 2 6.11 .24 1 .11 8.BO 4.05 36.30 59,5.7 4. 13 149, 3 2 5. 



1Z4 3.65 6.36 47el9 16.77 e37 e32 2e01 7e33 42.26 ~6.69 21e06 708e 715e 
125 o.oo 1.oo 57.30 o.co g.oo .64 I o.oo o.co 1oo.oo o.oo 222. 23o. 
126 0.00 6.44 5A.OO 0.00 .oo .64 I 0.00 O.CO 100.00 0.00 l93e Z3Ce 
127 0.00 6.36 58.30 'o.oo 0.00 .72 I 0.00 o.co 100.<.0 0.00 201. 230. 
128 0.00 6.46 56.70 0.00 0.00 .59 I 0.00 0.00 1CO.Cv 0.00 204. 230. 
129 o.ov 6.40 56.70 o.oo o.oo .54 I o.oo o.co 100.00 o.oo 191. 229e 
130 0.00 6.38 56.90 0.00 0.00 .52 I 0.00 O.CO lfL.CO 0.00 182. 229. 

-1 31---0 • o o --·--· 6. 2 6 -- 56 • o o --- o. o 0 . ·---0. 0 0 --- • 5 4 ------ I ---- 0 • 0 0 ---- 0 • C 0 . 1 o C • 0 0 ----· -- 0. 0 0 . 18 6. -·--- 2 2 9 • 
132 0.00 6.57 56.50 0.00 0.00 .59 I 0,00 O.to 1GC.OO 0~00 211. 229. 
133 o.oJ 1.21 sa.ao o.oo o.oo .75 I o.oo o.co 1oc.oo o.oo 22~. 245. 
134 0.00 7.13 59.40 o.oo 0.00 .64 I c.oo O.<O ll0.CO o.oo 193. 245. 
135 o.~J 1.2a 5a.1o o.oo o.oo .64 r o.oo o.co 1tt.~t o.0o 201. 245. 
136 O.GO 7.13 59.~J 0.00 V.CO .64 I 0.00 O.CO lCO.CO 0.00 199. 245. 
137 o.oo 6.77 61.20 0.00 o.oo .54 I 0.00 O.CO lCC.GO 0.00 146. 255. 
13d 0.00 5.7~ 56.70 o.oo o.oo .49 I 0.00 o.co oo.co 0.00 161. 256. 

---l3'1---.. o.o0---6.ll-----60.lO-----O.oo ______ o.oo .59__ I o.cCJ c.c.o .... Ht.c.c u.vo 150. 256. __ 
~~~ c.OO 7.9~ 64.00 o.co 0.LO .59 I 0.00 0.00 100.00 0.00 155. 256. 
141 0.00 5.38 55.70 0.00 0.00 ,59 I 0.00 O.CO lCO.Ct (J.0u 19~. 26o. 
142 0.~0 6.28 60.~0 0.00 0.00 .75 I 0.00 O.CO 100.00 o.ou lBC. 269. 
143 0.00 5.61 57.4~ 0.00 O.GO .56 I 0.00 O.lO lCO.LO Q.GC 163. 27~. 
144 0.00 6.15 59.50 o.co c.CO .67 I 0.00 0.00 1LO.CO O.~O l70. 280. 
145 0.00 6.49 59.70 0.00 0.00 .69 I 0.00 0.~0 lCO.LC 0.00 181. 280. 
146 - o.oo 6,4Q 58.80 o.oo o.oo .82 I 0.00 O.<O lLC.< C o.oo 212. 282. 

-. 14 7 0 • v 0 ., • 12 ---- 6 2 • 4 u o. t: 0 C • c. 0 • 7 2 I 0. 0 0 0. C 0 1 C· 0 • 0 0 0. 0 0 1 7 2 • 2 7 3 , 
148 o.oo 1.20 63.60 o.oo o.co .az I 0.oo o.co l(O.uG o.oo 174. 268. 
149 2.60 1.22 63.40 8.58 .25 ,77 le80 4.67 32.22 49.84 17.95 171, 229., 
150 3.33 ~.34 59.85 11.14 .20 .69 1.82 6.05 38.47 40.34 21.19 174. 221. 
151 4.37 6.41 57.90 12.20 .29 .58 1.47 6.44 37.40 37.22 25.38 182. 226. 
152 4.05 6.44 58.02 12.12 e29 e52 la6l 6.52 38.?1 37.87 23,82 168, 225e 
153 3.07 6.62 61.65 9.84 .27 .63 1.75 5.37 35.t4 43.97 20.39 153. 220. 
154 4.17 6.31. 56.70 12.58 .31 .47 1.64 6.83 39.47 36.45 24.09 173. 239. 

-155--- .2. 24----7.40.--62. 36---8· ''0----· 28 ··----·7 3-----2· 09 ___ , __ 4. 69 ____ 32. 71. __ 51. t5 __ }5. 63 __ ._.! __ 180 .. __ 241.-
15~ 1.58 7.80 63.89 7.15 .27 .73 2.62 4.14 30.t3 57.t9 11.69 175. 241. 
157 1.91 7.61. 62.47 8.39 .27 .78 2.56 4.89 33.Q2 52.83 13.26 191. 247. 
158 3.40 6.75 60.52 10.47 .27 .72 1.69 5.73 36.(6 42.51 21.41 182. 253. 
159 2.11 6.bo 60.70 1o.os .29 .55 2.~o s.ss 37.21 44.23 18.56 149. 255. 
l6C 3.8~ 5.84 57.29 12.77 .30 .48 1.02 1.02 4l.S9 34.93 23.08 154. 257. 
161 3.09 6.58 61.50 10.29 .26 .97 1.85 5.71 37.11 42.79 . 20.10 196. 237. 
lb2 3.25 6.37 59.12 10.98 .30 .45 1.83 5.94 38.15 40.95 20.8~ 140. 263. 

--16 3--- 1 • 8 0 ---- 6 • 6 9 ----- 61 • 8 6 _ __:___ 9 • 3 8 -------. 2 8 -----· • 5 3 3 • (J 1 -----·--· 5 • 4 2 --- 3 8 • c; 6 - .. 4 8 • c 9 --- 1 2 • 9 4 1 3 t3 • ·-- 2 7 2 • 
164 2.75 h.56 57.43 12.11 .31 .52 2.58 7.09 43.22 4C.01 16.77 179. 274. 
16 5 3 I 4 9 !i e 9 4 5 t G 4 8 1 2 I 7 5 • 3 2 I 4 9 2 I 0 2 7 I (; 5 4 2 I f 9 3 6 I 0 4 2 1 • 1 7 1 7 1 I 2 7 5 • 
166 1.46 1.48 64.2J 7.19 .27 .56 2.75 4.01 30.96 57.77 11.28 139. 274. 

- 16 7 ··-- 1 • 0 2 . --- :' • 4 4--- 6 4 • 9 9 ---- 6 ~ 9 3 -----· 2 6 ----.56 --- 3 • 9 5 ----- 4 • 0 3 ----·- 3 2 • 2 6 --· 59 • 57 -·-· 8 • 17 ·---- 1 3 3 • 2 7 2 • ··-
1~8 1.71 h.94 64.25 7.99 .27 .90 2.99 5.11 37.14 50.44 12.43 170. 290. 
169 3.82 ~.84 56.72 13.01 .30 .45 1.84 7.03 42.11 . 35.00 22.b9 155. 290. 
170 3,07 b.56 5Q,Od 11.21 .29 .64 2.01 6,35 39.73 41.G~ 19.21 183. 280. 
171 2.80 h.79 60.27 1C.57 .28 .66 2.21 6.19 39.23 43.03 17.74 177. 279. 
172 2.02 7.36 ~5.12 7.19 .25 .68 ).93 3.91 29.~1 ~5.39 1~.2~ 149. 2f5. 
173 2.us r.~2 64.98 7.82 .24 .87 2.13 4.37 32.03 52.94 15.o3 168. 283. 
174 2.69 6.76 6?..01 9.68 .27 .78 2.~9 5.59 37.16 44.95 17.89 174. 282. 

--175---2.4::J----6.63----60.90 ______ CJ.04 -------•29 ----•63 -----2.19-----5.46 37.~4 ----45.48---17.08 __ 162._ ____ 283. 
176 .91 7.83 69~11 5.01 .23 .92 3.56 2.89 25.(3 67.94 7.03 15~. 283. 
177 2.71 6.15 59.73 10.71 .29 .50 2.27 6.15 40.99 40.96 18.05 139. 265. 
178 3.v4 t:.v2 ~0.22 10.10 .29 ,58 1.93 5.87 39.32 40.32 20.36 145. 280. 
179 2.38 t.30 61.52 9.74 .29 .49 2.33 5.54 ?8.96 44.3U 16.74 126. 281, 
19~ 2.68 t.73 61.93 9.68 .26 .11 1.99 5.34 36,20 45.63 1e.11 165. 281. 
lBl 3.36 6.68 60.54 10.70 .21 .11 1.75 5.87 36.~0 41.98 21.12 197, 263. 
192 3.52 6.43 59.72 11.66 .27 .75 1.90 6.68 40.15 ?8.67 21.17 ld8. 267. 

-183---3.82---6.57.--60.51---10.86------•26---·---•33 1.'36 5.97 3t.48 4C.17 23.35 191. 350. 



242 1.54 6.31 61.52 9.63 .27 1.15 2.89 4.45 36.18 ~1.30 12.52 ~04. .313. 
--24l-----1· 7l----· 6. 0 l---67 .17------6.84-----.24-----1 .11--- z. 31----4· 01----31.97--54.2 5----13.76-- --166. ---- 313.--

244 1.59 6.93 68.72 6.11 .zz 1.3~ 2.05 3.26 27.t7 58.83 13.50 165. 295. 
245 .6) 7.46 75.14 2.01 .11 1.45 1.1a .11 a.c6 a5.c9 ~.84 147. 335, 
246 .11 7.99 76.78 1.35 .16 1.35 5.84 .64 7.34 91.40 1.26 144. 335. 
247 .13 8.04 76.32 1.54 .17 1.32 6.30 .92 9.11 89.44 1.45 146. 334. 
248 2.53 6.29 63.36 8.51 .27 .72 1.72 4.35 33.(1 47.77 1~.21 144. 317. 
249 2.24 6.30 5Q.28 9.81 .32 .46 2.35 5.27 ~8.14 45.~3 lh.22 142. 277. 
250 3o57 Sohl 62.71 9.44 e26 e96 .lo34 4.7~ 34.?2 40.20 2~.58 155o 272e 

-251-----1.~5----6.73----64.)2 .. ____ A,l3------e26---· .8b------ 3.21 4.97 37.~2 5l..78 11.70 1'6• 267. 
ZiZ 2.9~ 6.75 61.31 9,82 .21 .63 1.78 5.21 35.CO 45.38 19.63 1bl. 271. 
253 2.91 7.13 60.8~ 9.74 .27 .6~ 1.94 5.45 ~5.41 46.33 l8.2h 177. 270. 
2 ') 4 2 • 8 ~ 7 • 1 7 6 v • 5 3 9 • 7 4 • 2 8 • t. 9 1 • 9 1 5 • 4 0 3 5 • 0 A 4 6 • 5 9 1 8 • 3 3 1 tl 9 • . 2 7 ~ • 
255 4.96 5.67 5~.66 13.87 .31 .4L 1.48 7.34 4(~e3 31.~6 27.61 152. 262. 
!56 5.C7 5.57 5~.~2 13.78 ,30 .4~ 1.45 7.35 40.85 30.47 28.19 158. 263. 
257 6.12 4.69 53.59 15.92 .31 .4~ 1.33 8.12 42.f8 24.78 32.34 178. 380. 
259 6.27 5.16 53.26 15.72 .31 .50 1.29 a.o9 41.44 26.44 32.12 zua. 3q2, 

-- 259--- 2. 4 ft------6· 61----64.10--- 8. 10-----· 25 ----·91 -------1· qC) ·----4. 05----- 34. f:7 -- 4 7. 57---17.56 165 ·---- 410. ·-
·z~o 2.34 5.91 62.68 9.17 .2a .49 2.11 4.93 ~7.~2 44.83 17.75 110. 36C. 
261 2.32 5.95 61.52 9.28 .29 .51 2.15 4.98 37.58 44.91 17.51 122. 361. 
262 4.35 5.66 57.81 12.49 .29 .47 1.52 6.61 39.76 34.oc 26.18 142. 3C7. 
263 3.74 5.76 59.12 11.63 .29 .46 1.67 6.26 39.71 36.56 23.74 129. 305. 
264 2.32 6.75 64.82 7.91 .24 .6t 1.72 3.99 !C.~4 51.70 17.77 127, 304. 
265 7.47 4.24 55.19 15.39 .29 .35 .95 7.12 37.81 22.52 3Q.~1 1J9. 282. 
266 3.32 6.34 59.34 11.~7 .28 .4C 1.83 6.08 38.62 40.28 21.10 126. 210. 

-·-261---·----3.45 -·---5.27.-- 50.31----12.43 ..... -~- .29 .68 1.96 6.77 - 43.t9 34.(;3 22.28 154. 272. 
268 2a54 6.20 62.49 q,56 .26 1.03 Z.Ol 5.11 36.87 '44.76 18.35 160. 275, 
269 4.96 5.27 61.16 11.34. .25 .79 1.0~ 5.42 34.62 33.~8 31.70 144. 267. 
270 3e85 5o36 59e9~ llel2 e29 e51 le44 5e53 37.~0 36,37 Z6el2 12Ze ZbOe 



Basalts Region 2 il3 

----VARI~3LE --------CASES ~:EJ.N ________ STD DEV 

SI02 3 51.4533 .• 5133 
TI02 3 1.4767 .06~6 
AL2J3 3 15.2a67 .4539 
F E 2 Cl 3· 3 4 • 4 5 3 3 1 • 1 9 '3 1 
FEO 3 3.B033 1.0609 
Mf';Q 3 .1367 e0058 

--~ G o----------;;3--------.... .-1 o 3 3 ---------".-62 o 3---
CAo · 3 7.4033 .2139 
NA2J 3 3.t5CO .0300 
K20 3 3.19CO .2343 
P2Q5 3 .8100 .0173 
ll 0 .lOOOOOGJE+l1 .lCOOOOOO~~ll 
AG 0 .lGCCvJOJt+ll elOGCCC0CE+ll 
S~ 0 el0CCv~JJE+ll el000Gv)O~+ll 

--~A 0 .roc-COOOJE+Tl .10-COOGCOE~ll--
PB 0 .ltGCOOJJ~+ll elOOGCOOOE+ll 
z~ 3 1G5.66t7 2.5166 
CU 3 30.CC>OO 5.1q62 _ 
S 0 .100CO':f0-Jt_+_l1 el000GOOCE+ll--
3E 0 .10008Ju)t+ll .lOOOCCOO~+ll 
MO 0 .10CJ~JJJl+ll elOvOCvcc=+ll 
V • 0 .1000COCJE+ll .lOOCOOOO~+ll 
ZR 3 241.3333 26.7?.7C 
NI 3 136.3333 24.84~2 co 3 30.6667 6.6523 
Y • 0 .1000000JE+11 .lOOCCOOCt:+ll 

--cE o .lt'·50-J0..;Jt:+-rl .rv-(•Cc)tcoc:+-ir--
cR 0 .lOOCOJOOE+ll .lOOCCCOCE+ll 

· SC •'l elOOC:JJJJE+ll .lvCGC00(-E+ll 
SR 3 9~1.6667 5.35q5 

·BA 0 .1LCCOJ00E+11 .lOGGCOOCE+~l 
RB 3 93.6667 17.'3q7q 
U 0 • 1 0 J 0 0 J 0 ,) E + 11 • 1 0 0 C C 0 0 C t + 11 

__5_RRA T I J 0 • 1 0 0 0 0 0 J J E + 11 • 1 0 0 0 0 0 0 :, c -+ 11 o 1 s r 3 s-z-o-;-(.;_c_c o ---- -- -- o 

Basalts Region 3 

VARIABLE CASES MEAN STD DEV 
SIC2 8 50.6988 2.0299· 
TI02 8 1.3475 .3136 
AL2Cl3 8 16.9700 .8090 
FE203 8 4.4288 2.5525 
FED 8 4.0012 2.4127 

--~~wN~~-~----------------~---------------r~3~0~--------------~•04~Q___ 
MGO 8 5.0563 1.4189 
CAO 6 9.5537 1.9684 
NA2u 8 4.2350 .4660 
K20 - 8 2.69CO 1.0287 
P205 8 .7787 .7760 
l I 1 9 2 • (• 0 C 0 • 1 0 C C C l 0 C E + 11 
AG 0 .lOOOOOOJc+ll .10000000~+11 
S~N~' -----------------:Jl:.------------£~~ (-0 .-10 0(. {.cC v 0 t +11--
GA 

1
1 ll.uOOO .lOOCCCOOc+ll 

PB 19.0000 .100GCOOC~+11 
ZN 3 90.3333 2.~868 

-e-u~-----------~3-----------50.0000- q~ '?~9~ --
B 0 .lCOCvuOJE+ll .10000000=+11 

~5 l 15:E,888 :±88£8838~!!! 
V 1 259.00CO .10000000t+l1 
lR 3 135.3333 22.?7S5 
NI 3 56.0000 1Q.07~R 
CG 3 32.6667 4.0415 

--Y- 1-------lZ.OO(,~ lOCCOO(;OE+11---
CE 0 .lCOOOOOJc+l1 .luCOCvOCE+ll 
CR 1 . 54.0000 .lOOOCOOOc~ll 
SC 1 28.qOCJ .10GCCOU0E+ll 
SR 3 551.3333 234.1417 
SA 1 346.00CO .lOOOOC~OE+l1 
RB 3 68.0000 52.~2Q9 
U 1 .71CO .lOOCOOOCE+11 
-SR;;<ATI1---------0 elOOC·OOvJ[-:+11-- -lOOG0000Etll --
DIST 8 612.2500 144.1584 



Andesites region 1 114 

VARIABLE CASE:S MEAN. STD OEV 

SI02 71 56.7641 2.0522 
·rro2 50 1.0872 .4474 
Al203 50 16.6120 .9196 __ft203_ a {t.( 2(. 8. • 07 07----
FEO 50 2.6754 .9445 
MNO 50 .1102 .0282 
"1GO 50 3.4674 1.0897 
CAD 50 5.8574 .6734 
NA20 71 3.9737 .3164 
K2t] 71 2.6734 .4874 
P205 50 .4268 .2071 
I I ~~ __l__Z_. 0 6 6 2 '·9481__ 
~G 0 .1C0CJ00vt:+lt •fOCCCOCvE+ll 
SN 0 eluvC,OUUJl.+l • OOGOOOOi:+ll 
GA 0 .lOCuOuOJl+ll .lOCCGCC0E+ll 
2B 0 • 1 GOOO C. uO L+_ll .lOGCCOCGE+ll____ 
ZN 0 .luul'-''-.tJvE+ 11" .lG~CttClE+ll cu 0 .lOOOQCOJ£:+11 .lOOCOOCCt:+ll B .. :: 0 .1 (; lJ (.;(.d.; uv E + 11 elOCGC;Cuc=+ll 
BE 0 .lOOGOOO~E+ll .lOCC00CCc+ll 
MD 0 elvuCOOO..JE+ll .1CCC000CE+ll v 0 .lOOOOOOul+ll .lOCCOOOCE+ll 
ZR 0 .lOC,(.,vu~;)E:+ll • 1 0 ~ C C v C' C E + 11 

-----N I 0 • LO.C G.O QO J Lt_ll • 1 O_Ql0JC0 ~+ ll__. co 0 .luli~uuv~l::+ll elOOCOCGCE+ll 
y 1f 0 .lC0C000JE+ll .lOOCOCGC::+ll 
CE 0 .100\.,000'-olf::+ll .lGOCCG:::c~+ll 
CR 0 .10G00000E+ll .lOuCOOOOt:+ll 
sc 0 .lOCCvuv:JE.+ll .luCCCOJCE+ll 
SR 65 741.0923 169.0336 
BA 44 1103.2955 319.77C9 
RB 6.5 6 J • Lt 6J 5 ] 8.6572.__ 
u 20 1.4270 .9585 
SRRATIJ 21 .7070 .0007 
DIST 71 29G.vl4l 54.5644 

Andesites Region 2 

VARIA3L= CASES MEAN STO DEV 

SIG2 36 58.2733 2.7428 
TI02 36 1.(>833 .3385 
AL2Cl3 36 16.73t9 1.0617 
r=Ezw3 36 2.4794 ,9Q8C 
FED 36 4.1675 1.4786 
MN.D --LlD_l_9 t0_253_ 
~GO 36 4.3567 1.8804 
C.40 36 6.5511 1.1C57 
NA20 36 3.5872 .6165 
K20 36 2.2975 .7349 
P205 36 .3153 .1711 
LI 0 .1GOOJOOOE+ll .lOOOOOOOt+ll 
AG 0 .lOOOOOOJt:+ll .10000000~+11 

-~~ 0 .luoo;JOJJt:+ll .lCCJCCUC'CE+ll 
0 .1 co co-o O.)T-+ 11 .100C0000E+ll-

PB 0 .1(\CCCOOJt+ll .lOOOCJvCGE+ll 
ZN 7 100.2857 5.210~ 

~u ZQ 44.30(.0 20.8708 
0 .. ~--. . .-.,....~-...--- ·- . .,., -·-;rc u·c-crooo~ i" ll-~ ••V'..;vvvvv::T.L..L. .., 

BE 0 olOOOOOOJC:+ll .loooooooc+ll 
MD 0 ol00000v)E:.+ll .lOuCCO•)CE+li. 
v 13 138.84£:2 31.8953 
ZR 20 217.55(;0 54,C)B47 
NI 29 53.75E6 40.73t34 
co 20 25.5500 7.7763 
y 13 7.5365 3,6B82 -
CE 0 elOOOC60JE+ll • I l o-cf60 o 0 ~ + ll 
CR 13 ,124.2308 137.0007 
sc 13 37.8462 15.12G9 
SR 20 737.8000 182.1201 
SA 13 706.1538 308.0-160 
RB 20 77.2000 52.676'1 
u 0 .lOOC·OOO)E+ll .lOOCOOCOE+11 

_ SRR£\llO_ 0 ,!OOOOOJJE+ll • 1 0_0 0 C C 0 0 E + ll 
DIST 36 ~ 351.4167 86.7721 



Anaes~t:es l'.eg~on ,;J 

115 

VA~I43LE CASES STD DEV 

SIJZ 29 58.0211 2.Qg17 
TIG2 28 .9471 .3295 
Al203 28- 17.2039 1.0903 
Fc203 28 3.34(4 1e5A59 F ~ , ._I.J 29 2.7750 1.6069 --f'{,...n <>------------. 1 3 4 6-- -· c 58 6 --
r1GO 28 3.4846 1.95~4 
CAQ 28 6.397Q 1.2531 
NA20 2!3 3.9375 .9317 
KZO 28 2.8071 e907R 
P2G5 28 .3071 .3044 
ll 12 25.5833 8.1626 
AG 3 .2067 .1701 

-S ~------------------~------------~~-3&&7 51?7--
GA 11 16.0000 l.g974 Pa 11 l 5 • (.!() c c 7 • 0 8 52 
ZN 19 91.7895 49.8994 

-tu 22 --++--------------~~---------------1'2---9 .-5 q 0-9 B--. 60\.-2----
B 3 l4.00CO l3.Cu~O 
P.C:: 
~r.. 9 2.944~ 3.4691 
t<'.O •7 5.1429 3.5790 
v 17 1 3 6 • 8 2 3 5 6 4 ·- 2 7 9 q 
Z-R 22 171.00CO 58.4~27 
NI 21 57.6667 63.5518 
co 13 2l.UOC~ 7.7G7q· 
y 17 -----21~------------i-1-----------z-rL-17-.--B 2-3-5 2---3-.--3 o 3 n-
c~ • 3 
CR 12 

99.3333 43.878~ 
57.16r.7 62.2~67 

sc 13 24.5C77 l6.7ltS 
SR 22 516.5000 156.5791 
BA 17 554.5382 193.7616 
R~ 22 101.7273 46.7813 
u 13 2.3739 1.94Q7 

--5--R~ATIJ 1 ~t-+--ll--t------------±-----------·..-~7D t-0.~0-CO ~-+-11-
DIST 28 431.9286 1~9.96~8 

Dacites Region 1 

VARIABLE CASES MEAN STD DEV 
SI02 35 63.9109 1.3525 
TID2 32 .7156 .1209 
AL203 32 16.53C3 .5948 

~__.F__..E ... J2.__.Q....._3....__ ________ 3A-.1.2 _______ ___._3 . .2.2. ;._,_. _______ _... 8__4 ....... 1 9--L---_ 
FED 32 1.5594 .6858 
MNO 32 .0775 .02C2 
MGO 32 2ev028 .4346-
CAO 32 4.1444 .5724 
NA20 35 4.1740 e4177 
K20 35 3.3523 .39~7 
P205 32 .30C9 .0629 

--~1~I~------------~2~9~------~~~1~7L793_1 __b,OZGl___ 
AG 0 .lOOOOJOOE+ll .lOOOOOOOE+ll 
SN 0 .lCCOOCOJE+ll .lC~GGCOlE+ll 
GA 0 .lOOCOOUOE+ll .lOOOOOOCE+ll 

_p_..,s,_ ___________ _..,._Q ____ • .1_u G CO {J v,J t. + l . ! • ...lJ CC C C C C t + lL_ 
ZN 0 .lOOCOOOJf+l1 .10000000~+11 
CU 0 .lU0CO~OUl+ll .1COGC00CE+ll 
8 0 .lOG0008Jt+ll .lOOLCOGOF+ll 
BE o .1coocoo8t~ll .loooocooc+ll 
MO 0 el0CCCGJJL+ll .100CC000E+ll 
V 0 .lOOOOC0Jl+ll .lOUOOOOOE+ll 
ZR 0 .lOOGOO\;)E+ll elQOCC:)oCE+ll 

___l.ll fJ .~ U 0 00 0 ()J E.+ 11 .lO Ol (lO OC c + ll__ 
CO 0 .l00CJQU0E+ll .lOGCOOOO~+ll 
Y 0 .lOOUOOUJE+ll .lOOOOOOOt+ll 
CE 0 elOOCOU0Jl+ll .lOOG000C~+ll 
C R - 0 • 1 0 0 C 0 0 (HH:: + 11 • 1·0 0 (; 0 0 U 0 E + 11 
SC 0 .10CCU00J~+ll .lOClOOOCE+ll 
SR 32 - 569.8438 113.8570 
BA 29 l115.00CO 247.3611 

- _R a ,__ ___ __3._2 ______ ---J/.9 2. c 3 13 _ 2 1 • 3 7'1 9 
U 14 2eL593 le5161 
SRRATIO 3 .7069 .0004 
DIST 35 292.3714 45.28C2 
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__ y A~ I A 9 L E __ CA5 E S_ t'1_E_A_N_ STO DEV 

t!02 35 64.8263 1.6209 
IG2 35 .7900 .• 1839 

AL2113 35 16.2866 .6591 
Ft:2Q3 35 Z.60C9 1.0235 
FED 34 z..c.:7t2 1.0223 
~NO 35 .0749 .0190 
~GO 35 2.(1557 • 5t 48 
CAD 35 4-;:4"4 7 7 .672'3 
~A2u 35. 3.49'4 • 7978 
K28 35 3.1731 .5790 
P205 34 .1821 .'::46~ 
LI 0 .1000000:)[+11 .lOOOOOOOE+11 
AG 8 • 1 (, {: l' C G I] , ) E + 1 1 .lO(.CCtCCE+ll 
SN .lCOCOOOJr+ll .1ooccooo:+ll 

_GA 0 1 (, 0 J C· C 0 J f: + 11 .10CCCCDG::+ll Pa 0 .1-c ere-~ c, u J E -.-ri ~"l:J- 00 00 c 0 = + 11-
ZN 11 1~1.363b 18.4134 
cu 16 22.5625 18.9279 

8c: g ·l <,·-9-':-~ ~ J:) ~-!_l t 
•lCV~,.tO.,_,vi.Jf-+1 ... :-i-3 2-E 2828~! l i-__: 

'"10 0 el00000GJE+ll .lOOC00GOE+:l 
'I 6 126.6667 44.2342 
ZR 17 18~.05E3 49.98'31 
~I 27 15.4074 20.21C'9 
,.. .... 
vU 17 12.4118 4.5334 
y ... 6 6.voco ,8Q44 
CE Q .10000 Q_Q~l_l .lOOCCOOO~+ll 
CR 6 34.1667 25-~--57 67-
sc ~ 21.1667 8.1343 
SR 17 463.1176 185.40F33 
B" 6 69 5, C·OC~· 172.1337 
RB 17 166.7647 69,727h 
u 0 .10000DO:JE+l1 .lOCOCO)Cr+ll 
SRRATIJ 0 .lOOOOJO,)E+ll .100000COE+ll 
DIST 35 343.6286 57.3591 

Dacites Region 3 

VARIABLE CASES MEA'1 STD DEV 
5102 16 63.4731 1.2970 
TI02 16 • 6 7 6.?. ell 7\.! 
AL203 16 16.673:3 .6633 
FE2Cl3 16 'z. 7731 1.1964 
·FEO 16 1.4750 1.1523 
"iNJ 16 .1119 .067~ 
MGO 16 1. 6 94-"4 • o-s3-
CAO 16 5.1238 .92.75 
NA20 16 3.95e7 .sq46 
K20 16 2.6525 .7836 
P205 16 .2500 .0790 
li 9 34.4444 12.3300 
AG 5 .l7GO· .10 56 
SN 3 7.3000 6.6836 
GA Q 14.7778 L-5874-
PB 9 19.2222 12.06(0 

e~ 12 81.2500 zq.l52o 
13 25.1539 21.4159 

_ o;-scrco ,., !"''t.--

o:: - , ..!.. ..:. ·-·-
v~ 8 1.1000 .3817 MD 1 7.1429 4.0999 v 12 80.4167 23.8764 
ZR 13 l39.00GO 29.6423 NI 13 22.3846 23.5072 co 10 9.9000 4.1753 y 13 13.1538 7.7765 --ce 3 59-.o667 82.-64 se --
CR 10 .16.5000 11.6-128 sc 10 9.38(.0 7.9430 
SR 13 491.6923 160.1210 
BA 13 560.UOCO 191.2877 
RB 12 100.8333 33.0202 u 13 1.72 92 .82.45 SRRATIO 4 .7064 .0011 --oi sr---- 1~ 339.12!i0 138.7592 
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VARIA9LE CASES MEAN STD DEV 

SI02 8 72.b788 3.0446 
TI02 a .2562 .. 1651• 

_.AL203 4.48t7 .9749 
FE203 8 1.6425 .8826 
FEO 8 .• 3000 .2975 
MNO 8 .0525 .0354 
HGO 8 .4239 .3109 
CAD 8 1.4150 .8700 
NA20 8 lt.1013 .2700 
K20 8 4.4663 .5054 

-UD5 6 .~55) 092.4.._ 
ll 2 15.0000 2. 82 84 
AG 0 .lCCC;Ot;Ovt+ll • 1 0 C C 0 C' 0 C E + 11 
SN 0 elOOCvOOJt:+ll .lOGCCCOC:::+ll 
GA 0 .luOOOGOOE+ll .lOCGCGOCE+ll 
PB 0 .lL0000vJE:+l1 .lOOCOOOCE+ll 
ZN 0 elOCCvC.O·)t+ll .lOSCCCC C E+ 11 
cu 0 .10oooooor.:+11 .lOGC0GCC~+ll 

lC.CC.:/0 OJ E.t 11 • 10 CCCG J C E.+_ll_ 
BE 0 olOOCII:J00uE:+ll .lOCCOOOCE+ll 
MD 0 elCOv000:Jt+ll .lOCCCGOt:E+ll 
v 0 .lOOvOvOOi:.+ll .lOGOGOOOE+ll 

--Z.R 0 .1 fz~CI.Ju ~.If+ l ~ .lG.i.:CCCCCE.+.l.L_ 
NI 0 olOOO~OOJt:+ll .lOOCCCCCf+ll 
co 0 .lvOC0C0JE+ll .lOOCGCCOt+ll 
y .. 0 .lOOOQ00jt:+ll .lCCC'OOOCE+ll 
CE 0 eltCC:)r.:uJE:+ll olOOCOGGCr+ll 
CR 0 elOOCOvOOL+ll .lOOCOOOCE+ll 
sc 0 .lGLOOCuJE+ll .lOOC00J(c+ll 
SR 2 297.0000 5. 65 6 9 
BA 2 J 08.2.-.5 oc.c 12 3_.]_431_ 
RB 2 161.00(;0 43.8406 
u 3 3.8367 l.!t340 
SRRATIJ 0 .lOOOOOOOE+ll .10000000!::+11 
DIST 8 310.3750 19.1605 

Rhyolites Region 2 

VARIA3LE CASES MEAN STO DEV 

SI02 14 71.2214 3.·4095 
TI02 14 .4521 ,182~ 
AL2J3 14 .14.8950 1.4789 
FEZQ3 14 1.9157 1.31~6 
~EO 14 e6Q?.7 .7P47 
~NO 14 elv\..·0 .173e 
~GO 14 • 7621::----------=-, 4-5-68-
CAQ 14 2.3743 .9826 
NA2D 14 3.3735 .ssq1 
K20 14 4.1636 .4173 
P2Q5 14 .1736 .2857 
LI 0 .lOOOOOOJE+ll .lOOCCOOC~+ll 
AG 0 .lOOOOOJJE+ll .lOCCCCCrE+ll 
SN 0 el000000JE+ll .10D000Gt~+ll 

-G A 0 • 1 0 0-U 0 0 0 j E + 11 • 1 0 C 0 0 0 0 0 E + 11-
PB 0 elOOuOOOJE+ll .lOOCC00Ct+l1 
ZUN 5 7d.4000 12.856q c 5 13.aocJ a.7e64 
R 0 .1 OOCC J-C·J [;.. ll • -l0 ~·o·u-U-l)C· ~ t ll--
BE 0 elOOOO~OJE+ll elOOCCCOC~+ll 
~0 0 .lOOOOOGJE+ll .lOOCCOOOE+ll 
V 0 .10000JOJE+ll .lOCCCCGlE+ll 
ZR 5 160.2000 . 30.6056 
NI 5 7.00GO 5.33c5 
CO 5 6.20CO 2.3375 
Y 0 .lOOOOOOOE+:l .lOOCOOOO~+ll 

-C ..... E------------::0 .1 OOCOOOJ t + 11 .l~OOOOCOC E+ 11~--
CR 0 elL00000J~+ll .l~CCt~ctE+Jl 
SC 0 .1000000Jt+ll .lOOOOOOGE+ll 
S RA 5 2 q u. 4 0 (1 0 1 C 5 • 7 55 q 
S 0 .l~OOOOJ0L+ll .lOOCOOOCE+ll 
RB 5 260.2000 14.8728 
U 0 elOOOOOOJE+ll .10000000E+ll 
SRRATIO 0 el000000JE+Jl .lOGCCOCOE+ll 
C I S T 14 ------ - - 3 5 2 • 1 4 2 q ---- - b 4 • 0 7 6 7 
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Rhyolites Region 3 

VA~IASLE CASEs· MEAN STO DEV 

SI02 9 73.9678 5.7298 
TliJ2 9 .3644 .1931 
AL203 9 13.2022 3.2791 
FE2J3 9 1.9533 1.4750 
FED 9 .5978 .5535 

-M-N~ .06-5 06-95--
MGG 9 .8178 .5890 
CA'J 9 1. 58 89 1.5112 
NA20 q ·3.1133 1.6358 
K20 q. 3.5644 2.1634 
P205 9 .1111 .0580 
LI . 3 20.6667 12.5033 
AG 2 .8550 l.C819 
SN ~ b-.-SSOO 2 ..--41-4-q___.._ 
GA 7 14.8571 2.5443 
PB .:. 7 13.2857 9.7931 
ZN 8 73.5000 90.155~ 

----( ~,-~.000 t-8-. 9-J:r§-¥--
B u .lOCCOOOOE+ll .lOOOOOOOE+ll 
BE 4 .5250 .1893 
~0 0 .100COOOOE+ll .lOCOCuOOE+ll 
v 6 84.8333 80.3229 
ZR 8 134.00CO 127.8772 
NI 5 23.20CO 28.6217 
co 3 7.3333 3.7859 
¥. 1- ~~-4-2. -2-9.-3-6--7 9--
CE 0 .lOOOOJO:Jt+ll .lOOCC·OCGE+ll 
CR 4 13.2500 3.5000 
sc 4 8.1 Q(lQ 2.2554 
SR 8 . 164. 25(:0 141.6361 
BA 7 459.8571 431.9230 
RB 8- 149.2500 112.2367 
u 6 4.6250 5.3319 
SRR4+IJ 0 • 1 0 c c W--C0 f--=t--11 ,1 ~w 0 E-+-1-l---
DIST 9 368.4444 '13. 9 4"4 3 
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Example of a program using QDGS subroutines and Fortran 

statements. This program plots the data points ( as calculated 

from the Fortr<ln statement) and la}.:,elSthem. 

PRQG~AM SArPLEl(INPUT,TAPE5=I~PUT,TAPE24•0,0UTPUT,TAPE6•0UTPUT) 

V I C E ·~ T E V • P A l/1 A 
GEOLJGY DEPT. DALHOUSIE UNIVERSITY 
NOVE1BER '· 1977 · 

C THIS ?~QG~AM ?LOTS A G~AP~ QF LATITUDE VE~SUS LDNG!TUDEe IT US~S A SET 
C OF ODGS ( ~UIC~ C~AW G~APrliCS SYST~~) SU~FJUTlNES 0 LUS FJRT~AN STAT~MENTS. 
C CALL THE G;A 0 -i " G~A?H "• 

--C-C.ALLI Hf _ _? L US-Sllli S " 0 L U~""..:..:."--------------------------­
C INITIALIZe 

INTEG~~ ~(1000), 8(1000), CClOOQ),GRAPH,PLUS 
~EAL 0(6,1~0J),~(6l 

REAL 1<,"'1 
C 0 M ~ J r~ I l ~ 1/ St.. I A I LA V S 3/ B I LA V S C I C I L 4 V S!) I D 

DATA S~lP~,?LUSI0,~/,lN?UT/~I,olBY211.57J7Q5/,LI~ES/O/ 
CALl 1 rH T 0 ( 1 G 0 (;) 

_c__f_Sll3U5.!:L.A.~~___x___t._Xl~--SCAL: __ ID_BE __ USE1LlS _ _l_.__L I~:HS__=_5_CCQOQ..._·"----=-~-----­
C IN T~E X AXIS ~ILL B~ ~EP~~S~~TEO THE LINES JF LATIT~DE. TY~Y ~Ill 
C GO FRJM LATITUJE 14 TG LATITUDE 32. X• DEGR~ES OF l~TITJDE TIM~S 1.1 

CtLL XF5TJC~.~~~.c,i.L,l.o,u.c,o.o,o> 
CALL AXIS)Cl9.8,1S,1~.0,l.O,O.l,Q,Q,GR~PH) · 

C LA3EL T~E X AXIS. ~AKc LeTTERS .1 U~ITS HIGH TJ ~ATC~ ~UM3ERS 
CALL XFST~C5.5,s.5,0.12,0.13,G.O,t.C,Q) 
C~Ll LAjL~CZCrlLATITUJE CDcGRt=$),-20,Q,GQA 0 H) 

\ F $I A3LLS !-L_t._Y ___ ~ .:us_.____s CJd : I r n, L_ US :. ;J_l_S_ _l. 1 I ~ C H S _ =-- 5 C 0 0 0 0 0 • __________ _ 
C PUT t AXIS Ji T~~ GRAP~. Y AXIS GGES FqQf LO~G!TUO~ 73 TO LO~GITUCE 63 

CALL X~5T~i0.J,~.u,l.v,l.~,~!BYZ,u.c,ol 
CALL AXI~J{B.3,5,73.J,-l.G,-J.l,),Q,G;APH) 

C LABEL T~E Y ~XIS. ~AKE L~fTERS .1 U~ITS HIGH TQ MATCH NUM3~RS. 
CALL XFSTJ(-0.5,~.5,J.12,C.l3,PI8Y2,c.o,OJ 
CALL LA9Ll(2~~LC~GITJDE CDEG~~ESl,-Zl,O,G~APH) 

C 0 AT A ? C I N T S A ~ i: :J E ~ tlT E 0 9 Y A P L U S S I G ·~ • 
C T Y c: S I G \! T S ._5~ ~-UJ.5__3_Y _ _._3_Uhl_1 S ._ ____ _ 
C THE PE~ IS DJSITIG~EC AT T~E CENTE~ OF THE SIGN AFTER IT HAS SEEN CQAW~. 

CALL AD?fJ(C.5,C.0,0,PLUS) 
CALL AD~T~<-~·5,c.0,i, 0 LUSl 
CALL AC?TJCC.G,-0.5,J,~LUS) 
CALL AO~T)(O.J,Q.S,l,PLUS) 
ClLL AD~TJC~.~,(,J,u,PLUSl 

C MOVE THE ?~N TJ TH~ FIRST DATA POI~T ~ITHOUT D~AWI~G A LI~E. 
___ --A.R_._t: A..Q__l_[__,_r;, ~_, K...,J:l.tD, r:_' -~---=-~-:::----::--:----------------------­

~·((((((~/60)+H)/bv)+G)-14l*l•l) 

10 
Y • A A S ( ( ( C ( ( ? I b 0 • 0 ) + J ) I 6 0 • 0 ) + ,., ) -7 3 • 0 ) * 1 • 1 ) 
FOR~AT(l3X,~=z.o,55X) 

CALL AOPTJ(X,Y,O,~RA?H) 
C PLACE Tl-it PL:JS SIG.'~ AT JATA P'JI~H. T~E PlUS SIGN IS SCALED TCJ SE .C5 UNTS. SC 

2 0 C l L l Y F S f ) ( X _, 'f, • :.i 5 , • J 5 , c· • v, v • 0, Q ) 
CALL AS~L)(~LUS,Q,G~~PY) 

L.REA.D._T.H ~~~ :..ii _ __li=_I ri t._ _? ·.J l i\ IS _ _2__.."{ L3_L Qf'i.E._.-=-=---=-------------------­
C GO TJ 20 T1 ADJ T~E PLUS SIGN TO TYAT POINT. 

~fAD lo,;,~,~~~,G,? 
X=((((((~/60)+H)I~O)+G)-14)*l·l> 

--~~Y•ABS L< [{ [_{?/6C.Jl.+Jl/bC.Ol+~J~~3~·~o~l~*c~~~-----------~----~ 
IF(cJF(5Lr~~UTl.~E.0.v) GO TO 30 
CALL A~PTJ(X,Y,C,GRAPH) 
GC TJ- 20 

r"\T~nt AU' ~_,., 

:...!.! ..: !'" :..~: .:. :..; • 
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APPENDIX B 
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Preparation of Reference Standards 

Synthetic standard solutions were prepared containing a back-

ground matrix of major elements composed of aluminum wire, calcium 

carbonate, iron wire, magnesium crystals, and potassium chloride, plus 

nitric, hydrochloric, perchloric, and boric acids. The standards which 

contain .1, .2, .4, .6, .8, 1, 2, 3, and 4 ppm of Vanadium, nickel, 

lithium, copper, and zinc were prepared by combining appropriate amounts 

of these elements, as solutions, with the major elements background 

solution to produce 200 mls of each standard. 

Preparation of Major Elements Background Solution 

3.491 grams of aluminum wire were dissolved with the aid of 5 drops 

of mercury, to act as a catalyst, in 300 mls of a 1:1 HCl solution. 

The mercury is covered once the aluminum has gone into solution. Next, 

dissolve consecutively 2.4618 grams of iron wire, ~5302 grams of mag­

nesium crystals, 3.9270 grams of calcium carbonate, 3.3176 grams of 

sodium chloride and 2.0878 grams of potassium chloride. The last four 

reagents should be dropped carefully into the solution because they 

effervesce. Then add 1 litre of distilled water and the following acids 

to solution: 99 mls of perchloric acid, 4.4 mls of nitric acid, 220 mls 

of hydrofluoric acid, and 35.2 grams of basic acid. Finally dilute the 

solution to 2.2 litres with distilled water and stir it in a hot plate 

for 20 minutes, let it cool, and store for later use. 
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Preparation of Reference Standards 

A combined 100 ppm standard solution was made by combining 10 mls 

of 1000 ppm stock solutions of lithium, copper, vanadium, and nickel, 

and 20 mls of a 500 ppm stock solution of zinc, with 40 mls of distilled 

water in a 100 mls flask. Next by the use of a burette, transfer to a 

200 mls volumetric flask 100 mls of background solution; an appro­

priate volume of combined-standard-solution; and enough distilled water 

to fill the flask to the mark. The volume of combined-standard­

solution used depends on the required concentration of the reference 

standard being prepared. For example to prepare a 4 ppm standard 

solution use 8 cc of combined-standard-solution. A standard blank 

should be prepared by omitting the combined-standard-solution. 

Procedure for Rock Dissolution 

lo Weigh 1 gram of powdered-rock sample and pour it into a teflon 

cup. The teflon cup should contain a small amount of distilled 

water to prevent the powder from flying off. 

2. Add 3 mls of HN0
3

1 k5 nks if 4:1 mixture of HF and CHlo
4

. This 

step should be done under a strong hood, and care should be taken 

to avoid contact of the acids with the skin. 

3. Put the teflon cups in a sand bath at 60°C for 12 hours. 

4. Open the cups and evaporate the solution until perchloric acid 

fumes appear. 

5. Take the teflon cups from the sand bath and ad~- 5 rnls of HCl, 

and 16 mls of 5% basic acid. 
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6. Fill the teflon cups to 3/5 with distilled water, cover and leave 

them for 1 hour in the sand bath. 

7. Let the teflon cups cool. Pour the solutions into 100 mls 

volumetric flasks and bring them to the mark with distilled water. 

8. Transfer the solutions to plastic bottles and properly latel 

them. 

9e A sample blank is prepared by omitting the rock powder. 

In this work a concentration reading was obtained from the Atomic 

Absorption unit (A.A.) and a small computer program was used to cal­

culate the corrected concentration of the element being analysed from 

the sample solutions with respect to the reference stan~ards. This 

step takes care of errors that may be introduced by drifts in the A.A. 

·unit. Furthermore, the values were corrected for errors. introduced in 

the overall analytical procedure by multiplying by a correction factor 

derived from the data of the standard rocks, Table·3. 



v 

Ni 

Li 

Cu 

Zn 

TABLE 3 

STANDARD ROCKS 
(Values in ppm) 

+ BCR-·1 -+- + NIM-N + + TB-+ + AGV-1 -+ + DR-N + 

A A* 

410 462 

13 24 

13 16 

19 32 

120 153 

NOTE: 

Correction 
LR B B* c C* D D* LR E E* Factor 

120-700 220 263 105 100 125 132 70-171 220 210 .946 

8-30 120 + 40 58 17 24 11-31 22 + .637 

7 115 136 14 12 45 47 .927 

7-33 13 24 50 61 63 79 58-83 52 61 .699 

83 114 88 117 150 206 .754 

The values obtained in this work are reported under a letter followed by an 
asterisk. Those values which the standards are suppose to have are reported 
under the same, but plain, letter. 

LR = literature range 
unknown value 

+ = value under plain letter assumed right during the calculations because 
it was used to bracket another standard rock. 

Correction Factor = 
n 
L 
i=l 

n 

x.* 
1. 

x. 
1. 

where x.* 
1. 

x. 
1. 

A*, •••• , E* 

A, ••••• , E 

Relative 
Accuracy 

95% 

64% 
~ 
N 

93% ~ 

70% 

75% 



---..... __ 

TIME SPENT ON THE THESIS: 

What was done Time Spent 

Analyses of 30 samples 
(25 samples from the Central Andes + 5 standards, 
putting them into solution (batch). Each sample 
was run 3 times) 

Literature Research 
(time spent in the library plus some reading) 

Development of QDGS, FORTRAN, and SPSS programs 
to produce the graphs and tables presented in 
this thesis. 

Drafting ( I had to ~raft figures 1,2,3, w~d 
2 or 3 others) 

Writing the thesis, including earlier drafts 
and final copy. 

TOTAL 

60 hrs. 

60 hrs. 

100 hrs. 

10 hrs. 

200 hrs. or more 

430 hrs. Approx. 


	undefined: 
	undefined_2: 


