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AllSTl<ACT 

Results of metal distrihution p;ittern.s fr(,m geochemical surveys carried 
out in Central Chile are prescnted graphically. In suils ncar ore deposits 
th'e dispersion may be cumplex, but in draiuage at a dbtancl' from the 
source of the metal, the pattern becomes simpler. The distrihution 
patterns appear to be lognorm,.ll. 

INTRODUCTlO:-: 

THE distribution of trace elemcnts in ;¡ particular ¡·m·ironnH ut is known to be 
lognorm;¡J (2). A quick test for lognurmalit, ,:m \>(! nmde if, when the 
cumulative percentages of the concen!r~í;.-,p, •·1 !ht ckments are plotte<l 
on lognormal prolxibility paper, a straiglt• htw h ,.,fl:.1ini:d (3). The stceper 
the slope of the line the greatrr th,, , '•e-'' ,,¡ dispersion that could result 
from rapid variations in the avaihi i.n:, ,,¡ the metal or of fayorahle locatiom 
for the concentrations of the metal oYer short distan ces ( 5). On the otlwr 
hand a low slope of the line indicates only a narrow range of values ami 
evenness in the dist rílmtion. Tf there is a sym¡.,athetic relationship hetween 
two metals in the ,ame em·i, ot11\lcnt, tl1e cumnlative <listribution lines will 
be parallel, or in ntbt!t words. the distributious are similar bnt the means 
differ. Cousins (.'i j applíetl this method to demonstrate a placer for gold. 
silver, uranimn and osmíridium in the \:Vitwatersrand Svstem. 

Tennant and \Vhite ( 6) used cumula ti ve distribution p;rcentages of metal, 
to distinguish background and a11on1alous clistrihutions in geochemical dis
persio11 studies. A mixed distrilJ11tion when plotted on lognurrnal probabifü~ 
paper is indicated by a change in the ,lope of the line. 

Any metal might be ~xpccterl to show differellt disprrsiun ¡mlterns de¡wnd 
ing on the environment. The dispersion pattcrns dcpend not ouly on thc 
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'UBLK &.. STATISTICAI. .P.UWU:TE!tS FOR SOIL AND DlUll.NAGE SlffiVEYS 
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metal ronr.entrations but also on the agents involved in the dispersion, whether 
this j, !.,y dwmie:1.! or physical processes or a mixture of both. In the case 
of ore <lepositiun, or primary dispersion, a continua! but gradual accumula
tion of metal in a host ruck can theoretically be shown to generate a lognormal 
distribntion curve ( 1). 1 n secondary dispersion the process could either be 
considered as a breakdown as thc ore body is bcing oxidized, altered · or 
leachcd; or as a build-up with the deposition of small increments of metal 
ín new envíronment, í.e., soils, alluvium, <lrainage, etc. Near an ore body 
the dispersion pattern may tend to become complicated as there is the original 
primary dispersion, whích is being altere<l, and superimposed on this a sec
onclary dispersion dueto the wcatheríng of the original ore body. In environ
ments remote from the ore body sorne regularity of dispersion might be ob
tained when thc amount of metal introduced is balanced by that removed. 
Therefore soils near a metal deposit may have an irregular dispersion pattern 
while in drainage, at a distance irom the ore body, the dispersion is simpler. 

This study snmmarizes results from soil and drainage surveys carried out 
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in Central Chile. 1 t inclmlcs overall sediment surveys from rivcrs draining 
an area in the Central Chilcan Andes anrl another in the Coast Range. 1\!so 
discussed are sediment sun eys f rnm ionr imlivírl11al Andean rÍYl'rs. The soil 
surveys cover four area,--l ,;i Serena in north-central Chile, and Rinconada 
de lo Cerda, Patagua and Yaquí! are ali wíthin a radius of 200 km nf 
Santiago. Results from the surveys are µresented graphically on lognormal 
probability paper alld estimates oí the statistical parameters are also made 
graphically. No rigornns mathematical lreatment of the dispersion patterns 
has been attempted. 

CO.PPER D!STRJBUTJON PATTERNS IN DRAJNAGE 

Two backgrounds, i.e., not known to contain mineral deposits--the Teno 
and the Puc6n rivers, and two anonmlous streams, the La Ligua and the 
Tinguiririca, were sampled at regular spatial intervals for sedimenls and the 
samples were analyzed for copper content by standard dithizone techniqucs. 
All four streams flow across the Ancles in areas of similar topograµhic and 
geologic characteristics. The geology consists of sediments and volcanics 
from the, Jurassic upwards, which have been folded and intruded by grano
dioritic batholiths. The Teno and Pucón have no metal deposits in their 
drainage areas. In the headwaters of the Tinguiririca are some chalcopyrite 
veins associated with batholith contacts. The deposits along the La Ligmt 
are "manto-type" with chalcopyrite and/or bornite together with pyrite, the 

· minerals replacing limestone ( 4). 
None of the deposits along the Tfoguiririca are being exploited at present 

although towards the turn of the century extensive small-scale oµerations were 
being car.tied out. In the La Ligua drainage system there are severa) medium
sized mines, e.g., Patagua, Los Maquis, besides numerous small workings . 

. In Figure 1 the cumulative distrihution perccntages for the copper values 
aré plotted. The two hackgroun<l streams havc parallel straight lines and 
the anomalous streams are also parallel to 0111• another but the slopes are 
steeper than those of the background ,tr~~u,~ Although mineralization ánd 
exploítatíon oí the deposits differ in thr L.:1 Ligua and Tinguiririca areas 
there is still a tendency for evcnne,s in the distribution. As the L, Ligua 
river is subject to active contaminátion because the mines within its <lrainagc 
system are being worked at µrcsent the metal rapidly attains an equilihrium 
whh its environment to produce a regular distrihutíon páttern. 
, lt appears that the processes involved in the copper distribution in the two 
anomalous streamE :,r~ the same or similar. Likewise the metal distribution 
in the background ~IJ"l'ams is affected hy a similar set of conditions that need 
not necessarily be the same as those operating in the anomalous stream,. 
If ·more streams had heen sampled there might have been obtained a series 
oí lines tbat dose the gap between the Tinguiririca and the Teno on the graph . 

. Sorne of these hypothetical streams would have values that can neither be· 
regarded as anomalous or background, in other words these streams would 
have threshold values. 

lf the metal values for the strearns themselves show lognormal distribution, 
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Fig 1, Cumwlative percenhge dislribution for copper In oedlmenb trom -the 

rlvers La Ligua A, Tinguiririca e, Teno C, Pucón D. 

repr<'sentative samples éollected from separate strcams on a regional basis 
should also have a lognormal distrilmtion. In Fignre 2 the cumulative per
ccntag<'s of copper values from two areal surveys are shown. One area 
extends from Rancagua to Puerto Montt and streams sampled were those 
issuing from the Andes into the Central Valley. The other area consists of 
streams flowing through the Coastal Range bctween Curico and Rancagua. 
These two surveys show lines parallel to those of the two anomalous streams 
mentioned above. The processes involved in the metal dispersion in the 
anomalous streams are also responsihle for the dispersion over the entire area. 

In Figure 3 are the composite results of single water and sediment samples 
taken from eleven streams over a thirteen-month period. The metal in the 



640 ANN DE GRYS 

sediment and water have different dispersinn patterns. For the sediments 
the dispersion is simple and the line ohtained is roughly parallel to those ob
tained for the regional surveys as well as for the anomalous streams. On 
the other hand, the results for the waters show a change in slope, indicating 
a mixed <listribution. There is also a larger spread of values in the water 
samples. lt appears from this that the processes involved in the metal dis
persion in the sediments operates on both a spatial and time basis, but a 
different set of processes affect the · dispersion in water. For geochemical 
prospecting purposes water sampling would give a greater contrast between 
the anomalous and background valnes, but the sampling would have to be 
carried out in a relatively short time interval, not always a practica! proposi-
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Flg 3, c: .. mulatlve percentage distribu\ion · for copper in sediments and. 

water for somo Andean streams sampling rnonthly over the 

period of a Y•••. 
tion. Although sediment sampliilg would give less .contrast in the values, it 
could be carried out over a larger time s¡)an. 

COPPER DISTRIBUTION PATTERNS IN TIIE son. 

Ali four surveys were carried out in hilly country. For La Serena the 
climate is semi-desert. The other areas, Patagua, Rinconada de lo Cerda 'and 
Yaquil ali experience a Mediterranean climate. The mineralization for Rin
conada de lo Cerda, Y aquil and La Serena is in cach case related to a batholith 
contact and consists of chalcopyrite. In thc Patagua area, 'however, the 
rnineralization consists of a "manto-type" deposit in lirnestone. Yaquil differs 
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'frotn the other areas in that the copper is accompanied by arsenopyrite :md 
gold. 

For the three ateas, Rinconada de lo .Cerda, Yaquil and La Sereua the 
results are presented in Figure 4. The di,~tributions are divergent ::md are 
parallel ncither to one anotber nor to those oí the drainage, but they are still 
simple. By contrast, Patagua, wherc soíl, hank, and sediment s:unples were 
collected. has extremely complicated distribution patterns. These samples 
were ali taken near the deposit that is being exploited and the observed 
pattern may be due to contamination superímposed upon normal distributíon 
pattern of the superficial environmei1t. 

lt appears that-in soils the ricarcr lhe source of the llJetal the more complex 
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is the díspersion pattern, and the farther removed the simpler the pattern 
he comes. 

EST!MATION OF MEAN AND VARIANCE 

J n all cases straight lines have been obtained on the graphs, indicating that 
the dístrihutions are prohahly Jognormal. The Jognormal dístribution is a 
two-parameter distribution ( 3) and is defined hy the standard deviation and 
the mean, the first and second moments of the distribution. 

These statistical measures of mean and standard deviation can be deter
mined either mathematically by the rnethod of moments, or graphically by 
reading off selected percentiles from the cumulative. curves. The graphical 
method has been used in this study and this n1C'thod gives values that are close 
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enough to be calculated. The formulae used are those suggested by Aitchson 
and Brown (3), 

The Median.-This can be read off from the graph at the 50% percentile, 
and corresponds to the point e". 

· The values vary from 20 to 250 ppm. The lowest values are from the 
background streams and from the regional surveys. Higher means are en
countered for the soil surveys, the highest of ali are obtained from the La Ligua 
samples and the Patagua bank samples. The La Ligua high is due to con
tamination in the drainage. Contamination is also true for the Pat1.gua 
samples, the dispersion in the bank samples could be caused by a mixed <lis
persion of the metal derived from two sources, the ~oíl and drainage. 
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Tlie V aria ne e can be estimated froin the graph. If t is the pen:entile to 
be read off, then the standard deviation, /J, is 

log ! (h• + ts•). 
2 fo ho 

The variance f3' is e•,.+•'(e•'- 1). 

The background streams have the lowest spread of values, which · is what 
would be expected. The remaining drainage surveys, but far two exceptions; 
fall in thc range O.SO to 0.70 and there is no great spread of values. One 
exception is the year survey of sediment samples, which has a variance of 
0.28. Comparing this value w.ith the variance of the water samples (Ó.63) 
it is apin noted that the waters have a greater spread of values on a time and. 
spatia] hasi¡; than thc soils. This point has already been discussed. 

Anotbcr exception is the Patagua sediments, probably because of prox0 

imity to the sour(';, of t.hc metal. However, the spread of values is less far 
the soils thu are rith in carbonates and precipitate the copper, diminishlrtg 
the distributfon range. (The difference between the dispersioh óf c:opper in 
the drainagt and soils will be discussed in detail in a future paper.) The 
spread of vnlues of the bank samples is between that of the soils and sedi
ment~, hecause the metal in the banks is a mixture. of the dispersion patterns 
<le, i ,·e<l from the soil and drainage. 

1°1le M •an is equal to e" • 1•2
• 

The lllt'an is alway,s greater than the median far a lognormal distribution, 
i.e., e"• 1•• and e• are, respectively, thc median and the mean .(3). 

The siguificance of the mean and the median far the various surveys is 
the same and has already been discussed above. 

The Mean versus the Va.riance.-(Fig. 6.) It has already been noted 
that for sorne surveys the cumulative distribution curves are parallel. This 
suggr;,t~ that there is a relationship hetween the mean and the variailce, and 
in Figure (¡ a linearity between the parameters is noted. As the mean in
crcase~ !ó<°> rl()(s ihe spread of values. This would indicate that the pattern of 
the di~trihution in the soil or drainage is guided by the same factors. 

CONCLUSIONS 

Distribution patterns can be complex near the origin of the metal as, far 
example., in contaminated mines areas,· Patagua. 

In the drainage surveys the distrihution patterns tend to become similar, 
either hecause the drainage processes are more effective in obtaining regu
larity of distrihution, or hecause the metal is farther removed from its source 
and has had more opportunity to achieve equili\Jrium with its environment. 
In hoth regional drainage anrl single river snrveys the same or similar 
processes operate to give a similar dispersion pattern. 

Metal content in waters <loes not appear to have the same dispersion 
pattern as that of sediments. The range of metal values is greater far waters 
than far sediments. 
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. A study. of the mean and variance demonstrates a linear relationship 
between these two parameters. 

It is not inten<led to imply that the results discussed here are universally 
applicable as only a limited numbcr of surveys far one metal from one area 
have been studied. I t was only aimed to show sorne differences in the 
dispersion pattern~ for copper in drainage and soils, and how these differences 
may be interpreted. 
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